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By: Lorik Abdullai

Why was this book written?
I can still remember back in high school when I was faced with a decision
thousands of students experience every year: What college was I going to choose, and
what major was I going to study? It seemed like every time I saw friends and relatives
they asked me that question. Meanwhile, I knew that going to a major university would
give me more choices in case I changed majors. As it turned out, Western Michigan
University was the best package for me when I considered the financial aid, the program
of my major, location of the university, and its friendly atmosphere. One thing that I did
not base my choice on was whether or not my friends were going to the same school.
Nevertheless, at some point in my senior year at Churchill High School, I had decided to
pursue a major in computer science (CS). I knew my way around the computer, and had
done some minimal programming in BASIC, a computer language. I also looked at the
salary of a computer science graduate, which was a very respectable figure. My curiosity
led me to check one more thing, and that was the job forecasting for CS after four or five
years. The job market looked very promising. What a mistake that turned out to be.
After arriving at Western, I enrolled in a C++ programming class. At first I found
it a little difficult, because it was so different from anything that I had ever done.
However, as time went by I figured things out. That was not my biggest problem. I
started looking more in-depth at what computer science majors take for classes, and the
things they do with them. What I found completely changed my attitude and plans about
the field. I thought to myself, "Do I want to spend the rest of my life in front of a
computer screen checking program code?" I don't think so. While I know now that CS
isn't just that, I knew it was not for me.
Now that I had decided I did not want to be a programmer, I had to choose
another major in a hurry. At the end of my first semester, I concluded that in order not to
fall behind with classes, I had to choose a new major by the time I retuned to school from
Christmas Break. I went back to square one by saying that I did not want to be a doctor,
or a lawyer. This left me with business, teaching, or engineering among some other
choices. I started thinking about how much I loved cars, and it soon dawned on me that if
I ever want to work in the automotive world, I had better become an engineer. But
engineering has many fields. "Which one should I pick?" I thought to myself. I was told
mechanical engineering (ME) was the most closely tied to the automotive world. Even
then, I still had a very vague idea about what, specifically, a Mechanical Engineer does. I
picked up a catalog with mechanical engineering course descriptions; but as you can
imagine, understanding four years of course-study through a few pages was a little
difficult, to say the least.
By the end of my junior year in college, I had taken enough mechanical
engineering courses to see where my career was leading me. My internship at Johnson
Controls (an automotive supplier) that summer finally convinced me that I had made the
right choice after seeing first-hand what a Mechanical Engineer could do. The following
summer I went back for another internship, and again had a positive experience as an
engineering intern. I can say after taking many ME courses and getting some exposure to
the industry, I have made the right choice.
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So where does the book fit in? After talking to Joe Dunn (my friend and co
author of this text) about our experiences, we concluded that we are not the only ones
who picked mechanical engineering a little "blindly." We believe that friends and family
rush many students into picking a major at the end of their senior year in high school and
freshman year in college. In fact, it is not unusual for students to switch majors even in
their sophomore or junior year. It's still not the end of the world; it might simply prolong
your time in college. By switching majors you're probably adding a semester or two.
Joe and I thought to ourselves, "Wouldn't it be great if we had a book back when we
were making our decisions explaining what we were getting into, a book perhaps which
not only gives some detail about classes you have to take, but also how those classes fit in
the real world?"

In addition to this, we were both aware of how biased the information we had

was. Family and friends shared their own personal experiences, promoting just the good
parts or just the bad parts of their decisions. Furthermore, each college we visited, or
each advisor we met with tried to sell us on their university. Finally, we resorted to
college catalogs. This was the ultimate shortcoming, because the college catalogs tried to
minimize the next four years of our lives into less than three pages. We wanted to create
something that might ease the decision making process by providing more detailed
information without the bias.

This book's purpose is to help you make a better-informed decision whether you
might give mechanical engineering a shot as a career choice. We've tried doing this by
writing chapters on the mechanical engineering classes you will take. While every
college may differ a little, it is fair to say that you will generally take the same classes at
any large state university. We limited the information to the bare essentials, as some of
the concepts are harder to grasp at first. We are also trying to depict what life might be
like during school and after. Will you be able to design cars, power plants, buildings,
rockets, or all of the above? You will find that mechanical engineering is challenging,
yet rewarding and versatile.
How are the chapters organized?

The general order of chapters follows the potential chronological order in which
you may learn the material at a university. For instance, Statics and Mechanics of
Materials are among the first engineering courses you will enroll in. Also, we have tried
to group the chapters into clusters where they may relate to each other. For example,
Dynamics, Mechanism Analysis and Internal Combustion Engines follow each other as
the material is closely related. Each chapter is structured in the same manner for ease of
reading and understanding. The format is outlined below:
Introduction

•
•
•

Gives a brief summary of what the chapter is about.
Talks about the importance of the chapter.
Mentions whether this is a freshman, sophomore, junior, or senior level course.
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Key Concepts

•

This is what you should look for as you read the text.

Terms

•

These are the most important engineering terms to which you should pay
attention.

•

Terms are only bolded the first time they appear in the chapter.

Real Life Story

•

The story will relate how the information learned in the course can be applied to a
real life situation you may face as an engineer.

"Body"
There is no specific heading for the body. Rather, it is all the material that appears
between the real life story and the summary. Moreover, the body:
•
•
•

Focuses on specific aspects of each general subject
Contains headings for each specific aspect
Includes visuals to supplement your understanding of the subject matter

Summary

•

Gives a quick review of what the chapter was about.

What You Should Have Learned

•

If we wanted you to remember and know five, six, or seven most important things
from the chapter, this is it.
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The Engineering Student's Perspective
College Life Cliches

For many, college life represents the first time you have true freedom. There is
no one to tell you what to do, how to do it, or when it should be done. You are finally
capable to set your own schedule. While there are many horror stories about people who
took this too far, with careful planning, you can avoid becoming an addition to the drop
out statistics. Your time at college will most certainly offer you surprises, and you will
grow as a result. You have probably heard all of this before, and will probably hear them
again before you start school. As an engineering student in college, however, there are
several elements that might be of particular interest for you.
Time Management

For engineering students, time management is an extremely important skill to
have. First of all, engineering students typically have more projects and homework than
others. Consequently, there will be times when you will be stuck working hard while
your roommates are watching movies, playing sports, or chasing the opposite sex. This,
at times, can be extremely frustrating. With good time management skills, however,
these conflicts can be minimized in both time and frequency.
Time management begins with prioritization. As an engineering student, your
courses will be challenging and fast paced. Getting behind is simply not an option, as
you may never catch up. As a result, your top priority should be your schoolwork. At
times, it may seem like the television, books, friends, parties, or other items should rank
first; occasionally this is true. However, on most days, your schoolwork should be at the
top of your list.
The next important factor in time management is capitalizing on your free time.
In college, it is inevitable that you will have time between your classes. It is important
that you use this time to work on your homework to keep ahead. Moreover, this
drastically frees up your evenings. The video game or half-hour nap might seem
important but should not become habits. Finishing your work during the day will keep
you free later on when your friends are out of class and able to hang out with you. Also,
working on your homework during the day increases your chances of getting extra help
from your professors (who only work during the business day) or your peers.
There is a general rule of thumb for engineering students. For every credit hour
of class you take, you should expect twice the amount of hours spent doing homework. If
you are signed up for 15 credit hours, expect 30 hours of homework a week. Realizing
how much time is really required to succeed is a necessary shock.
Finally, it is important that you establish your own rhythm. Every person is
different. Some people work better when they establish a routine; others work better
when they have a flexible schedule. You should identify which method works best for
you in each situation. For example, if you have a class where homework is due on a daily
basis, you may find yourself following a routine schedule to finish the work. When
working on a project with a large group, however, you might have to remain extremely
flexible to accommodate your group's schedule.
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Balance

Engineering is a stressful major to say the least. One of the easiest ways to reduce
your stress is to establish balance in your life. Instead of completing your work in long
marathon stretches (usually the night before it's due), spread it out into manageable
blocks. Work in time to spend on your hobbies without letting them dominate your life.
The amount of work you would get done after spending an hour at the gym or watching
your favorite TV show might produce more results than if you worked through that time
still stressed. Next, it is important that you find ways to incorporate your friends into
your life. Social interaction in college is very important. Finally, it is important that you
sleep! Many college students place sleep so low on their priority list that they end up
exhausted all day and may even make themselves sick. In order to keep functioning
properly and effectively, a good night's sleep is required. The key to finding balance is
to establish your priorities with respect to your whole self. Letting one area of your life
dictate all others for a long period of time can drastically upset your balance.
Networking

Establishing a solid support network is essential to staying on top of your game as
an engineering student. There are several steps to successful networking.
First of all, you should you seek out a quality peer group. You should find people
you get along with to work on homework, studying, and projects. These people should
have the same commitment about school as you do. (You don't want to pair up with the
slackers.) Next, your peer group should have a similar time schedule as well, so that you
can easily meet. You can also use this group to trade notes, sample projects, labs, and
textbooks. Furthermore, you should find some upperclassmen to include in your peer
group. They can provide you with invaluable scheduling advice, and they have been in
your shoes before. Finally, your peer group can become your most treasured social
circle. Overcoming the challenges in engineering school can provide a wonderful
bonding experience that can easily expand from the classroom.
Next, it is essential that you establish quality relationships with your professors.
This can sound very intimidating at first; after all, your professors can seem like scary
people on the surface. It is important that you realize that most professors are in the
teaching field because they love to work with students. What this implies is that no
matter how scary they seem on the surface, out of the lecture hall these people often
value your interaction with them more than any other factor of their job. In addition, you
fuel their excitement and thirst for knowledge with your own. Next, you should realize
that your professors are experts in their field. For many, college might be the first time
you get to work with someone who has been published. This can be very exciting. In
addition, if your professor knows who you are, you are more likely to learn from them.
They will challenge you in class and support you during their office hours. If you are
lucky enough, one of your professors could end up becoming a life-long mentor and
friend. Finally, your professors are required to have office hours for you; they get paid to
spend time with you. Your tuition isn't any cheaper because you don't see your
professor; you might as well take advantage of it.
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It is also necessary to establish industrial mentors. During school you will likely
search for an internship, and upon graduation you will be searching for full time
employment. If you have no industry contacts, you are left with online services and the
newspaper ads. Knowing whom to contact will prove to be invaluable. In addition to a
paycheck, industrial contacts might provide you with research projects and support.
When it comes time to find a design project, an industry contact might have just the right
task for you. In addition, they might even fund your design project. Lastly, establishing
contacts within your industry can help you develop your communication skills within a
professional setting.
Get Involved!

As an engineering student, it is vital that you get involved with some of the
engineering projects, professional societies, and research groups at your school.
All of these can open doors that you never previously imagined. More importantly, these
types of activities can relate what you learn in the classroom to the real world. This
connection is very useful, as it furthers your understanding, increases your knowledge,
and gives you valuable experience. Furthermore, when you are ready to take the next
step, either to graduate school or to the professional realm, you are often ranked as a
candidate by your extracurricular activities. After all, what do you have to talk about at
an interview if you didn't have any extra-curricular activities?
Explore Your Campus

Campus is an exciting place. You are surrounded by people from all over your
city, your state, the country, and maybe even the world. In addition, many campuses are
full of beautiful architecture and artwork. Getting to know your campus will inevitably
prove to be useful. Most importantly, you should find somewhere on campus that you
feel comfortable studying and doing homework. Finding your spot or your study group's
spot can be as equally as important to finding time for your homework and projects.
Getting out of your house, dorm, or apartment to do your work is important for several
reasons. First of all, you are free from many distractions. There is no television glaring
at you, video games tempting you, or roommates to convince you to play foosball instead
of studying. Next, you never know whom you might meet on campus. The person sitting
next to you in the coffee shop might become your best friend, a date for a night, or even
your fiance! Exploring your campus also keeps you informed on other campus activities
you may want to participate in. Finally, separating your home from your homework can
keep you feeling relaxed at home. If you always do your homework sitting in your
bedroom, you might hurt your ability to relax there when you are not working. People
are products of their environments, and it is hard for some to separate their environment
from their activities. Use this to your advantage and find a spot on your campus to get
connected to.
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Explore Something New

Another aspect of college is the large diversity of activities available. At most
state universities, there are clubs and activities varying from the Young
Democrats/Republicans to Club Flag Football teams. It is important to take advantage of
this diversity because you might find your next favorite hobby, a new friend, or even a
career. College is the easiest place to expand your horizons because there are so many
new people who share your interests. In addition, these people have no preconceived
notions for you; they don't expect you to act a certain way, or to say certain things. In
fact, they have never met you, and are probably as nervous and excited about meeting
you as you are about meeting them.
It's also a good idea to join an organization that is outside of your major. If you
only do "engineering" stuff, you will end up a one-dimensional person. Join politics,
save the trees, restore the campus, find an honor fraternity, volunteer with habitat for
humanity, tutor children, etc. This lets you get your mind off engineering and opens your
mind to new things. In addition, you'll be a more productive person. Additional
activities can make you more marketable by providing you with an opportunity to expand
your leadership skills, which are highly valued by industry. Take advantage of the
diversity in college and give something new a try!
Working an Extra-Curricular Job

Not only must you mange your time properly, but you should invest the time you
do have wisely. To start with, you need to consider your time from an economical
standpoint. Many people work extra jobs in college, which cause them to struggle
through their classes. This is not a wise decision. Working at minimum wage, you might
make around a thousand dollars in a semester. If this causes you to fail a class, you just
wasted three credit hours worth of tuition. Not only is the wasted money on tuition gone,
but also you have to retake the course the following semester. A similar situation is true
even if you don't fail a class but just receive a low grade in the class. If you have a low
GPA upon graduation as a result of too many hours at your minimum-wage job, you will
spend a much longer time searching for your first job and will likely receive a lower
salary. Combining the time lost after graduation and the time spent at a lower salary,
your minimum wage income is quickly overcome. There are ways to supplement your
income. Financial aid and loans are available to many students. A higher GPA can allow
you to pay these back much more quickly and easily.
Once again, realization of the time required for study can help shed some light on
this situation. If you are registered for 15 credit hours, you should expect to spend 30
hours studying. This totals to 45 hours a week that should be devoted to attending class
and completing your work. Thinking about school as your job, this translates into a ninehour workday. After you finish your nine-hour work day at school, do you really want to
go to your after school job? In the end, something has to give. Should you let it be your
schoolwork?

For many, an after school job can be an excellent experience. These people,
however, do not let their extra-curricular job adversely affect their studies.
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Keep Ahead

By now, it is probably clear to you that engineering involves a lot of work. In
order to handle all of this, your best weapon is to stay ahead of the game. First of all, this
allows you to keep a normal schedule. When your homework takes twice as long as
expected, you have the freedom to stretch it out to more than one day. If you were
behind, you would be stuck awake all night finishing your homework and disturbing your
normal schedule. Furthermore, keeping ahead gives you time to meet with your
homework groups or professor when you have problems with your homework. Keeping
ahead also improves the quality of your work. If you are ahead of the game you won't be
forced to fake your assignment just to get it complete. Next, keeping ahead allows you
the freedom to occasionally trade your work for free time. A spontaneous trip to the
movies, a late night pizza run, or a random visit with a friend is only made without
sacrificing your grades if your work is already done. Finally, keeping ahead of the game
is an excellent way to avoid stressing yourself out. It is much easier to relax when your
work is already complete than when you are busy procrastinating.
Course Scheduling

Scheduling your classes can be chaotic and nerve-wracking. In college, for the
first time, you will be forced to pick your classes alone. Furthermore, it is sometimes
impossible to meet with an advisor for advice and recommendations. There are several
tips to successful scheduling:
• Group your classes together in sequence.
Mechanical engineering can be segmented into groups: thermodynamics,
fluid mechanics/heat transfer, solid mechanics, and pre-engineering
courses to name a few. As a result of this, deciding what courses to take
together can be very confusing. Taking classes that are in sequence as
much as possible can make them easier as a whole. Saturating yourself in
one specific subject matter allows you to avoid the issue of forgetting the
pre-requisite material. For example, take your Mechanics of Materials
course the following semester after you take Statics; you won't have time
to forget everything.
• Schedule classes in the morning.
While this might seem like the last thing you want to do, it can be the most
helpful. Morning classes will force you to get out of bed and start
working during the day, keeping your evenings free. This can be
dangerous though, if you let your laziness get the best of you. If you
know you won't attend a morning class, don't sign up for one.
• Get the right professor.
If you took a professor for a prerequisite class, it is typically easier to take
the same professor for the upper level class. Hopefully, this means you
will already have a good relationship with him or her, which makes
seeking extra help easier. In addition, there are some people whose
teaching style matches your learning style better. Your life can be made
much easier if you work with those people. Getting information on
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•

•

•

•

choosing the right professor is easy; find upperclassmen that have taken
the course with the professor in question, and ask them about it.
Schedule your classes together.
To maximize your time during the day, you should minimize your
downtime between classes. This keeps you from wasting time traveling
back and forth from campus if you schedule your classes far apart.
Schedule your classes with your peer group.
Once you find people who you work well with, there is no reason not to
schedule your classes together with them. This way, you will already have
people to work on projects and homework with, and you will already
know who to ask for help.
Schedule on time.

You have to know when it is your turn to schedule. Most universities
offer scheduling by seniority. Students with more credit hours schedule
first. If you miss your scheduling time, you might not get the course you
need or be able to take it at the time you wanted.
Meet with your advisor early in the semester.
Your advisor is there to help you, although you must remember that they
are also there to help everyone else as well. Their schedules are quickly
filled, and it can be hard to get an appointment when you really need it.
They can help you construct the proper sequence for your classes and can
advise you on any prerequisite concerns you might not have realized.
They might also offer some insight on future course offerings.
Furthermore, their signature is often required for you to register if there is
a concern.

Summary

College life is what you make of it. Spending your time carelessly can not only
make life challenging, but also it can end your education. As an engineering student, this
threat is even more daunting, as your classes will require more work and will move faster
than many others. The points mentioned above are merely suggestions that might help
you along your path. In college as in life, it is up to you to find your own path; make sure
that you make the best of it. These can be the best 4 years of your life; you will meet life
long friends, possibly meet your spouse, and when everything is over, you will start a
rewarding career. Engineering is hard work, but it will be worth it. Everything
worthwhile is challenging.
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The Professional Engineer's Perspective
Introduction

Engineering is a broad field to say the least. As an engineer, you could work on
any type of project, from inventing a new paper clip to launching a shuttle into space. No
matter what the project is, there are a variety of roles you could play. As an engineer,
you could work on the research, the development, the design, the manufacturing, the
packaging, or even the sales of the product. Engineering can be considered as the
profession that merges the scientific and business worlds. It is important to realize that as
an engineer you can neither avoid nor neglect your responsibilities in either realm.
Because the engineering field is so broad, the decision to become an engineer can
become very intimidating.
Before you begin the challenging task of education in engineering, it is important
to get a solid sense for what an engineer might do on a typical day. While as an engineer
you may be involved in a variety of projects and hold a variety of positions,
commonalities between all engineers in the profession exist. As an engineer, you and
your company develop a style of solving engineering problems. Although many of the
steps in the problem solving process may have their own unique flavor, the general
process and daily activities are fairly constant from company to company.
The Engineering World

The engineering profession can be divided into many fields: construction,
aerospace, electrical, civil, nuclear, industrial, mechanical, and many more. While each
field is unique in its application there is much similarity among all. As a Mechanical
Engineer you will learn to design, develop, test, and manufacture machinery or other
mechanical devices. Mechanical engineering in particular is perhaps the field that can
best relate to all other fields. As a Mechanical Engineer you will also learn a little bit of
everything from the other engineering fields. What this means is that you will not know
specific details about electrical engineering, but you will learn enough to know your way
around electrical components. Furthermore, upon graduation you will not be an expert in
heating and cooling per say, but you will have enough base knowledge to help you in that
profession. Mechanical engineering also has its own areas of specialization. For
example, Mechanical Engineers are the best suited to handle problems in the areas of heat
transfer, fluids, and solid mechanics. In sum, Mechanical Engineers have their areas of
specialization, but are also required to be skilled in a vast number of other engineering
disciplines.
The figure below illustrates the flexibility of the mechanical engineering field.
Mechanical Engineers can be found in almost all industries including aerospace,
manufacturing, construction, education, computer science, law, electrical engineering,
and business among others. Having the flexibility to join a vast array of industries or
professions gives you the advantage of further exploring a particular field through
training, additional education, or professional experience.
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The Engineering Realm From the ME Perspective

Industrial and

Manufacturing
Engineering
Chemical

Aerospace
Engineering

Engineering

Mechanical

Topic Examples

Economics and
Business

Engineering
Task Examples

Energy

Design

Civil

Kinematics

Modeling

Engineering

Solid Mechanics

Safety Verification
Manufacturing
Statistical Analysis
Economical Analysis
Marketing and Sales
Project Management

Heat Transfer

Fluid Mechanics

Mathematics
Statistics

Contract Management

Education

(secondary and
collegiate)

Electrical

Engineering

Computer

Law

Science

Job Shadowing

One of best things you can do before choosing to study mechanical engineering is
to job shadow someone in the field. If you know someone in the field, by all means ask
to be shown around for a day. In our case, we had some contact with engineers before we
chose the field; however, it was during our experiences as interns that we understood
what engineers do a little better. It was unfortunate for us that these experiences came so
late; had they occurred earlier, our enthusiasm for our profession would have further
developed. Just in case you do not have the chance to talk to engineers, we have
provided you with some examples of what engineers and interns experience.
In the following sections, we will first meet the engineers, followed by their
interview responses. Lastly, we will discuss the job market for Mechanical Engineers.

11
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Meet the Engineers and Interns

We spoke to nine accomplished engineers and interns in order to paint a better
picture of the engineering field. The engineers were a diverse group in their background
and experience. Their profiles are tabulated below:

Mr. Brandon Ferriman

Name

Metaldyne, DANA Corporation

Institution

Type ofIndustry

Supplier of Metal Engine Components
Engineering Intern

Title

Years Experience

4

Degree Earned

B.S Mechanical Engineering
Mr. Jeremy Kirklin

Name

Metaldyne

Institution

TypeofIndustry

Supplier of Metal Engine Components
Metallurgical Engineer

Title

Years Experience

7

Degree Earned

B.S Material Science

Dr. Koorosh Naghshineh

Name
Institution

BF Goodrich, Goodyear, SRI International, Western Michigan
University

TypeofIndustry

Tire Producer, Consulting and Academia
Engineer, Researcher and Professor

Title

Years Experience

Degree Earned

21

B.S, Master Science, and PhD Mechanical Engineering

Name

Mr. Mike Khouri

Institution

Type ofIndustry

Takata

Automotive Restraints (airbags, seatbelts etc) Supplier
Restraints Engineer and Senior Manager

Title

Years Experience

15

Degree Earned

B.S Mechanical Engineering

12
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Name
Institution

Type ofIndustry
Title

Dr. Philip Guichelaar
Gleason Works, The Carborundum Company, and Western
Michigan University
Gears for Aerospace, Automotive, and Naval Applications;
Ceramics Manufacturing Technology and Academia
Engineer and Professor

Years Experience

Degree Earned

36

B.S Mechanical Engineering; PhD Metallurgy

Mr. Scott Payne

Name

Johnson Controls Inc. (JCI)

Institution

Type ofIndustry

Automotive Interiors

Director of Engineering

Title

Years Experience

Degree Earned

21

B.S Mechanical Engineering, Master Science Management

Name

Mr. Shaun Nelson

Johnson Controls Inc. (JCI)

Institution

TypeofIndustry

Automotive Interiors

Chief Engineer

Title

Years Experience

15

Degree Earned

Engineering Management

Name

Mr. Steve Koss

Johnson Controls Inc. (JCI)

Institution

Type ofIndustry

Automotive Interiors

Chief Engineer

Title

Years Experience

19

Degree Earned

B.S Mechanical Engineering

Mr. Troy Flodin

Name

DANA Corporation

Institution

Type ofIndustry

Semi-Truck Brakes and Axles

Intern and Co-Op

Title

Years Experience

3

Degree Earned

B.S Mechanical Engineering
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We asked our engineers and interns thefollowing questions. Their consolidated
responses are summarized below:

1. What does it mean to you to be an engineer?

According to Jeremy Kirklin, "an engineer uses scientific principles to solve
problems." Additionally, Mike Khouri describes an engineer as someone who finds the
root cause of problems. Furthermore, Brandon Ferriman characterizes an engineer as
someone who "researches, designs, tests and develops products." Overall, engineers tend
to be very logical thinkers. Engineers spend their days breaking complex tasks into
smaller ones that can be tackled piece by piece. Mr. Scott Payne points out that engineers
are taught and develop a "problem solving thought process," that can be applied across a
variety of professions. Engineers can work successfully in many different fields as
lawyers, business leaders, and executives. Moreover, as an engineer, you have to also
have business knowledge. This might come from the classroom, or from your personal
experiences, but it is essential. Mr. Steve Koss stresses that an engineer must exhibit a
good balance between the cost of the part and its performance. In sum, engineers apply
scientific methods in all industries to produce goods for our needs.
2. Explain a typical day at work:

A typical day at work will always differ from company to company, division to
division, and even person to person. We have outlined a number of things that you may
do during a day:
•
•
•
•
•

Check e-mails and respond
Return phone calls
Check emergencies at the office or the plant
Plan the day: very critical to manage your time on a PDA or planner
Attend Meetings:
o Check progress of a project and to keep everyone up to date
o Look at the details of the project at hand
Conduct testing in laboratory
Machine parts
Call the prototype shop to check on progress of parts
Complete engineering paperwork
Make design changes
Construct spreadsheets
Look at ways to reduce parts
Travel to the customer plants or offices to understand their needs
Meet with suppliers
Attend program reviews
Meet with boss/supervisor
Perform design analysis
Look over schedules in the lab
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Coordinate with technicians

Maintain relationships
Deal with employee issues: mediate, coach, and improve relationships
Perform budget tasks
Conduct CAD design
Analyze root causes (figure out what is giving you problems with your parts)
As you can see from the list above, time management and communication are
key. In the engineering field, you are always under deadline pressures as a team and as
an individual. It is very important to work effectively and efficiently together. While it
may seem that your project is bogged down with formalities for communication and
teamwork, the time invested to promote communication, scheduling, and teamwork can
drastically affect performance.
3. Why and how did you choose to become an engineer?
Making a decision about a career path can be very unique from person to person.
At the same time, after talking to our engineers we found out that there are some common
underlying factors that drove them to become engineers.
As a child, you want to be an astronaut or become involved in sports in order to
become the next Michael Jordan. But as you become older, you may have heard this
from others or even your own inner voice: "I don't want to be a doctor, or a lawyer, I
don't want to be a teacher, so that leaves me with engineering and business. I like to
work with technical things, so I guess I'll pick engineering." As silly as this line of
thinking may sound, some of us have used this logic to pick our career.
It seems that all our engineers possessed a great desire to learn how things work.
In their younger years, they always wanted to take things apart. Jeremy Kirklin
remembers taking his TV and even his car engine apart; Dr. Koorosh Nagshineh
remembers carrying magnets in his pockets as a very young child.
The influence from family, friends, and counselors is often greater than we think.
Troy Flodin's counselor told him to look into engineering during his senior year in high
school. After some research, Troy also found out that mechanical engineering in
particular was an "umbrella" field. In other words, this meant that Troy could apply his
skills to anything from the automotive field to building design. For others mechanical
engineering was an outlet of satisfying their knowledge of how things work. Brandon
Ferriman came to his decision after seeing his strengths in math and science as a high
school student. For him, mechanical engineering was the perfect field for an opportunity
to work on the developmental side of a product.
For others, it was the promise of a good job market (especially in Michigan) that
finally clinched the decision.
4. What would you suggest to a student who is thinking about becoming a
Mechanical Engineer?

First and foremost you have to figure out whether mechanical engineering is right
for you. Troy Flodin suggested a few things you can do to help you decide:
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•

•
•
•

Take entry-level courses; you'll get an idea what you're getting into.
o Don't base your entire decision on those courses though; you may have
had a rough time with one specific subject.
Talk to engineers; attend job fairs and talk to Human Resource recruiters.
Look at skills employers seek and ask: "Can I do this?"
Internship - this is best way to find out if you like mechanical engineering. It
gives you valuable experience and networking while making money during
college.

Moreover, our engineers agreed that mechanical engineering is still a good field
to get into. There will always be a need for Mechanical Engineers because we are
present wherever machinery or their components are used. Mechanical engineering is
also a fast moving field that has respectable pay and can even offer travel. Some of the
engineers traveled as far as Japan and Korea. Having said that, almost every engineer
pointed out that money is not the only reason to become an engineer. You will not be
happy in life if all you enjoy about engineering is the numbers in your salary. Happiness
is also dependant in your success in the workplace. If you are always struggling and can
never figure out problems etc., chances are you will not be a happy camper.
5. What can you do to become a successful engineer?

Starting in college, Troy Flodin suggests finding a group of "quality" people to
work with. You should always try to do the homework on your own, and it's perfectly
fine if you struggle through it. At that point you can conference with your friends or
professor and ask for help. Brandon Ferriman mentions that you should always know
your resources no matter where you are. Whether in school or in the real world, it is very
important to know where to look for help. While in school, you should always aim for an
A. Engineering is a field that moves quickly, and this is heavily emphasized in school. If
you let yourself get behind too far, you may never catch up. And let's not kid ourselves;
the hours you will put in homework and studying will not always be fun (especially
during midterm and final exam time) but it pays off at the end.
After graduating, Mike Khouri suggests that some basic skills you should posses
as you enter your first job include time management and organization combined with the
ability to effectively communicate. In fact, you should know how to write "clearly,
briefly, and to the point." Your managers don't have time to hear all the details of your
project. They want to know only the major themes. Moreover, thinking globally (even
learning a new language, Chinese or Japanese), knowing the law pertaining to your
project, and possessing strong business skills are some of the characteristics that
differentiate good engineers from great engineers.
Shaun Nelson, an engineer from Johnson Controls, suggested that a successful
engineer "owns his/her product." What this means is that you take responsibility for
what you design or manufacture. If you are the engineer of a pump for example, it is
your responsibility to know everything there is to know about it: tests, performance,
failures, suppliers, manufacturing etc. There is nothing worse than an engineer who does
not know his or her product.
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6. How does graduate school affect the success of engineers in the industry? Do
engineers need it, and what kind is more beneficial?

Just as a bachelor's degree will open new opportunities for you in the workplace,
a graduate degree will certainly help you advance up the ladder by giving you additional
skills and knowledge. But what kind of a graduate degree should you get? Is an MBA
better than a Master's in Engineering, or even a PhD? "It's a personal decision, no one
can tell you one is better than the other," was the response of Dr. Phil Guichelaar when
asked which type of graduate degree is best. That is why you need to make that decision
after some work experience. We also asked engineers who had work experience, and for
them it was clear-cut. Mike Khouri believes that a Master's in Business Administration

(MBA) is much more valuable than a Master's in Engineering. Such a move gives you
the tools to become a more complete engineer. You already have engineering
knowledge, and an MBA gives you much-needed business skills in order to advance. On
the other hand, if you want to become involved in research and even teach, a doctorate
degree is for you. Acquiring a PhD in engineering makes you an expert on your area of
study. In addition, you will likely be published many times over. The intellectual
prestige and the desire to teach drives many to PhD work.
The Job Market for MEfs

The job market for Mechanical Engineers is unique because ME's work in a vast
array of professions. While your specific area of interest may have its own unique
conditions, the overall mechanical engineering profession has been evaluated by the US
Department of Labor. According to the US Department of Labor, in 2002 Mechanical
Engineers formed the third largest group of engineers in the United States. There were
215,000 Mechanical Engineers in the United States, or 14.5% of the total engineering
professionals. The demand for mechanical engineering in the next ten years is projected
to grow at a rate of 3 to 9%. This is simply a projection, and these numbers can change
from year to year. The most current data can be obtained through the United States
Department of Labor (http://www.bls.gOv/y
The job market for Mechanical Engineers also varies by region since it is directly
connected to industry. If you live in the Detroit area, for example, it is likely that you
will work in an automotive related field; if you live in the State of Washington, you will
likely work in the aerospace field. You should also realize that there are engineering jobs
in almost every city in America; you just have to find them. Overall, the job market for
Mechanical Engineers has remained stable in recent history and it promises continuing
growth. As long as there is manufacturing in America, there will be Mechanical
Engineers to design, maintain, and analyze the industrial systems.
In today's global economy, however, it is not unusual for engineers to leave their
native land in search for employment in another country. In the future, this trend will
likely increase. Having a strong background in engineering, and knowing a second (third
or more) language may open a new window of opportunity for employment anywhere in
the world.

17

Introductionto Mechanical Engineering©

Summary

Engineering is a well-respected profession that links the scientific with the
business world. As an engineer you could be involved in a vast number of industries in a
variety of ways. It is important to realize that, to become a successful engineer, you must
not only be skilled in the scientific realm, but also in the business world. Skills in time
management, communication, and teamwork, although difficult for some to learn, are
key. As an engineer, the world is open to you. Using your knowledge of science and
business, combined with your real-world experiences, you will face the task of problem
solving. If this challenge intrigues you instead of forcing you under your bedcovers,
engineering might just be the right profession for you.
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Your High School Education
Introduction

Let us start off by saying that your high school education, while important, by no
means writes your ticket through college. There are more than seven hundred high
schools in Michigan alone, and there is no way that each school sends their collegebound students off equally prepared. The question that you might have, just as we both
did when we were in your shoes was, "Am I ready for this?" This question is one that
everyone has when they enter college, no matter what school or major lies ahead.
Furthermore, this question echoes much louder in your head when you are thinking about
entering a difficult major such as engineering. It is absolutely necessary that you realize
that there is no cut-and-dry formula for success in engineering aside, from working hard.
Many students enter the engineering field simply because they are good at math
and science and think they could make a lot of money in engineering. While this is truly
a bit naive, it does in fact bring a great deal of students to their first day of engineering
school. Also, this statement does hold some truth. There are some people in this world
who have fun with math and science and naturally take to it. This is the type of person
who belongs in engineering school. As with anything, though, there is always someone
better than you at math and science. It is very important to not let this frighten you away
from engineering. It is a simple fact of life. In engineering school you might just meet a
child genius in your senior level classes. Just because other people have a greater natural
affinity toward math, science, and eventually engineering, it doesn't mean that you have
any less potential to do something great.
Engineering is best looked at as an art form. While this concept may seem
ridiculous to some, that is the only way in which you can approach it. It is best qualified
as an art form because there isn't always one solution to a problem. There is beauty in
finding your solution to a problem, not just a solution to a problem. Also, just as artists
develop their ability to draw with time and experience, an engineer develops his or her
ability to solve real world-problems. As with painting or sculpting, skills develop in
engineering with time and practice. Your high school education is merely the first step
down the road to becoming an engineer. This chapter might help guide you towards the
answer for the question of whether or not you are truly ready, and what actions you can
take to prepare yourself.
Key Concepts

•

To realize that your high school education is merely the beginning and does not

•

guarantee success or failure
To assess your current education is several subjects including:
1.

Mathematics

2.
3.
4.
5.

Physics
Chemistry
Computer Science
English Composition
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Real Life Story

During our entry-level physics course at Western, we were faced with a very
diverse class. The course was taught in a large lecture hall, with more than one hundred
students. While this wasn't a major shock to see, it was surprising to see who the best
students in the class were. There was a constant battle between two students specifically;
one was a 16 year old high school student who was taking a 'few extra classes' in his
spare time, and the other was a 45 year old woman who had completed her GED the prior
year and had just sent her own kids off to college. It was amazing to see this because on
one hand you have a student doing well because he has had the best of education to date.
On the other hand was a student who was successful because of her strong drive and

determination. What is important to realize from this is that no matter who you are and
where you have come from, the work to be done in a college classroom is yours alone.
What you have completed already is merely the foundation for your college education;
what you build on top of this foundation is for you to decide.
Mathematics

Mechanical engineering is entirely mathematical, as are most other disciplines
within engineering. Every day of engineering school and in an engineering career you
will have to crunch numbers, manipulate formulas, and solve for variables. You must
like math in order to be an engineer because there is simply no way to avoid it. While
this sounds a bit harsh, it is the truth and must be realized. If math is something that you

despise, you can close this book and consider a different major.
Assuming you like math, the next question is if you are good at it. Some people
take well to mathematics, and some people simply cannot do it no matter how hard they
beat it to death. The same is true for other majors. We never went into art because we're
better off with finger paints than a brush. Math is the same for engineers. The
fundamentals need to be present.

Once you get to college, be ready to take more math courses. Engineers must
complete all of calculus including multivariate calculus, and differential equations. You
simply cannot push on into engineering school without first obtaining a proper
foundation. In high school, you should have taken fairly intensive math courses.
Geometry, algebra, and trigonometry are a must. This is true because you will see these
even in your introductory coursework at college. Even in the most basic engineering
courses such as statics, these three elements are ever present.
As a freshman in college, you should be ready to take the first of your calculus
courses. This will allow you to line up with the course layouts for most engineering
schools. If you have already taken Calculus 1, more power to you. This sets you up to
move on at a bit more accelerated pace. On the contrary, if you are not ready for
calculus, and need more time in Pre-Calculus, you wouldn't be the first or the only one.
All this means is that you have to spend more effort establishing your math skills before

moving onward. This may mean taking more than one math class at a time, doing some
summer work, spending a semester at a community college, or simply turning a four-year
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degree into a five-year program. All of these options are feasible, and you should not feel
bad about doing any of them.
Physics

Physics is also very important to an engineering education. Physics appears
everywhere, just as math does. By the time you get through your first year of engineering
school, you will know Newton's laws front and back. Physics appears everywhere in
engineering because much of what you deal with as an engineer is directly explained by
physics. We have often thought of engineering as a place to practically apply physics.
Sever the connection between engineering and physics, and you would never be able to
solve a problem.

In high school, you should have been exposed to physics. Just as with math, the
more physics you have taken the better. The same road is ahead if you are lacking in
physics knowledge and experience. Physics is important for several reasons. First of all,
you will see physics phenomena in every engineering problem. Second, physics is
usually the first time students intensely use mathematics to describe events in the real
world. Since that is what engineering is all about, it is important that you have started to
develop your skills in that area. Third, once you get to college, you will have to take
more physics classes. Finally, it is also important that you have been exposed to physics
experiments. In engineering, much of what is learned comes from hands on
experimentation. Being exposed to experimentation in physics is important because it
lays the foundation for you to further develop your skills when you reach higher
engineering levels.
As a freshman in college, be ready for Mechanical Physics (or Kinematic

Physics). In this course you will learn the kinematic equations of motion, the most basic
equations used to model moving objects in the real world. This class will also start to use
calculus to describe physical motion. The essence of this course is Newton's three Laws.
After Mechanical Physics, there is Electrical Physics. In this course, you will learn the
physics behind all electrical phenomena, from what makes electricity flow, to how to
design simple circuits. What is even more important for the Mechanical Engineer is that
in this class you will learn how the mechanical and electrical worlds are connected.
After gaining a full understanding of physics, your engineering coursework will
further develop your skills and apply them towards real world problem solving.
Mechanical Physics is heavily relied upon in Statics, Dynamics, Mechanics of Materials,
and Mechanism Analysis. Electrical Physics is heavily relied upon in your Circuit
Analysis courses.
Chemistry

Chemistry is very important to engineering because it is the first time in which
you are exposed to thinking about the world at its most basic level. In chemistry, you
learn to look at the world as an interaction between molecules and atoms. In order to

understand what will happen on a larger scale, you must understand and respect what is
happening on the smallest level.
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In high school, you should have been exposed to chemistry. If you have not, once again,
you will have to spend time developing your experience with chemistry in order to move
on. It is also important that you have had experience in the laboratory with chemistry.
Chemistry labs give you a great appreciation for precision and teach you the importance
of the scientific method. Without these skills, you simply could not conduct a higherlevel experiment.
Once you reach your freshman year of college, you should be prepared for a full
year of coursework in inorganic chemistry. This will give you a firm respect for bonding
on the molecular level which sets you up to learn about material science. Also, much of
what you learn in Chemistry is reflected in Mechanics of Materials. As stated already,
you must have a full understanding of what is occurring on the molecular level before
you can fully understand what will happen on a larger scale.
Computer Science

Computer science is a tool that engineers use to solve problems efficiently.
Sometimes it is impossible to simply grind out a problem by hand because it would be
too tedious. With computers getting faster every day, there is no reason not to use them
as a tool. Many schools do not expose students to computer science, and many colleges
expect that. If you have been exposed, it is only a benefit too you. If not, don't feel
behind; however, be ready for a computer science course in your first year. As an
engineer, you will by no means spend your entire life in front of a computer screen.
Computer science becomes important when a problem calls for it. Just as you would use
a hammer to pound in a nail, engineers use computer science as their tool to write code to
fit a problem that would be too tedious otherwise.
English Composition

Everyone has taken English courses in high school. While there are a variety of
courses out there, some prepare you better for engineering than others. Realize that
engineers have to learn to write differently than many other majors. Engineering
communication is designed to convey your key ideas and concepts clearly and efficiently.
Instead of focusing on the poetic nature of your writing, you should focus on how clearly
and concisely you can display your meaning. A simple example of this is a progress
report for a research project. For a psychology course, the instructor might want a full
page detailing your personal reactions towards your findings or work. For an engineering
project, however, simply answering who, what, where, when, and why in a single
paragraph is usually desired. English courses heavy in research are more advantageous
than any other, since research is key in engineering. Although seldom offered, technical
communication courses would be the most helpful. Once you reach college engineering,
you will be expected to be able to write technical documents. Also, many engineering
curricula incorporate a research-intensive writing course that is a hurdle for many
students. If you have not had much technical writing experience, now is the time to
learn. There are many good books about technical writing, and most engineering
curricula have specific courses to guide you through your writing and continue writing
instruction throughout.
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What ifI Haven't Been Exposed to These Things?

All this means is that you have to now spend time learning that which others
might already have. Just because this is the case doesn't mean you shouldn't be an
engineer. The semester or two it would take you to catch up to others by no means
implies that you will fail later on in your engineering education. There are also several
ways to make this easier on you. First of all, you could attend a community college
where your classes will count for credit, but not towards your grade point at your
engineering school. Community colleges are also typically cheaper. Some universities
also allow you to dual enroll, meaning you would be a student at both the engineering
school and the community college. Second, if you take these courses at your engineering
school, you could utilize the tutoring services, which many universities offer for lower
level introductory courses. The advantage of doing the introductory work at your
engineering school is that these courses can provide some 'padding' to your grade point if
you do well in them. What this means is that the introductory courses will weigh just as
much as upper level courses when calculating your overall grade point. Since the course
is lower level, you might stand a better chance at doing well, as opposed to when you hit
harder upper level courses and they become more demanding.
It is also important to realize that your college education is your own. Your
friends, your parents, and your high school counselor will all try to pull you in the
direction they think is right for you. We are not trying to say that you shouldn't listen to
these people; after all they have helped get you to where you are. However, it is
important that you do not let these people discourage you. Remember, not only does
your choice of college major reflect the next four to five years of your life as you head
towards graduation, but also your career will be affected by it until you retire! While the
opinion of those around you might seem to be extremely important, your career path is
yours. This might be one time where it is okay to be selfish.
Whatever your situation is, follow what you truly feel is right. If you think you
belong in engineering, don't let your previous high school education discourage you. If
you are a bit behind, all it means is that you have to make a bigger time commitment.
Summary

Most importantly, no one can tell you if your education thus far will secure your
success in the future. All of this is conjecture; this is what common sense and experience
says will prepare you to have the best chance possible to do well in an engineering
curriculum. Of course, the more you have already learned, the easier it will be to get on
with your coursework. On the contrary, the less you have learned in high school, the
more time you will now have to spend to gain the appropriate foundation. Engineering is
a next level of science, which matches your fundamental education to real world
problems. Without first obtaining the fundamental education, it is impossible to make the
transition to solving real world problems.
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What You Should Have Learned

1. Your high school education does not guarantee success or failure; it is merely a
foundation that you will build upon in college.
2. Your college education and career path are your own! Don't let others discourage
you from doing what you know would make you happy.
3. If you are lacking in certain areas, there are always summer classes, community
colleges, and the option of spending an extra year at a university to get yourself
on track.
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College Options
Introduction

Choosing a college is a cumbersome decision to make. You probably feel
surrounded by a whirlwind of recommendations, information, and emotion. It is hard to
sort through all of this to come to a decision that you truly feel is right. For some, it
might not even feel right until after you have finished four years at that particular school!
Of course, you are not alone. Millions of others have made it through before you, so
odds are that you will be just fine. Take the time you have to ensure that you have
evaluated all of your choices carefully. If you already know you want to study
engineering, or are considering studying engineering, there are a few points of specific
interest for you.
Big or Small?

The first choice that many are faced with when picking an engineering school is
the size. There are many smaller schools that specialize specifically in engineering, or
which started as engineering schools and have since expanded. On the other hand, there
are also large state universities that offer engineering programs. You should become
familiar with the specific qualities of the schools that you are considering.
Smaller schools offer several advantages simply because of their size. First of all,
a smaller school offers a much more intimate environment. Smaller schools traditionally

have a much higher ratio of faculty to students, meaning you get much more one-on-one
instruction. This allows you much more contact with the faculty and staff outside of class
as well. The smaller the school, however, the more limited your options are when
choosing a major. Smaller schools also traditionally have their own unique goal such as
study abroad or co-op experiences to name a few. On a social level, it is much more
likely that you will know a higher percentage of your peers. The smaller size, in sum,
allows for a much more nurtured experience. Small schools, however, do have several
disadvantages. First of all, the cost is typically higher, as there is a fewer number of
students to carry the fiscal burden. Next, the research opportunities may be limited due
to smaller state-subsidized funding. Name recognition might also be lacking. Finally,
the environment of a smaller school can limit your social opportunities simply because of
the smaller number of students.

Larger schools also have advantages based on their size. To start with, larger
schools offer more programs of study, making major changes less uprooting. (As a result
of a major change, you would only change your classes and not your school.)
Furthermore, larger schools often have more research opportunities as a direct result of
the increased state funding. Furthermore, there are many more facilities (labs,
equipment, technology) available to you that might not be at a smaller school. There are
also more faculty members available to you, creating the potential opportunity for you to
work with someone who is an expert in your specific field of interest. The larger the
school, traditionally the more people will recognize the name. Larger schools can offer a
greater number of courses, as well as a greater diversity of courses. Finally, large schools
also have a much more diverse social environment. These advantages, of course, are not
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without their drawbacks. Large schools can feel impersonal; you might feel as if you are
a number and not a student. In addition, the larger class sizes can limit your interaction
with your professor both inside and outside of the classroom. Larger schools also
typically utilize graduate assistant teachers for lower level courses more frequently.
Community Colleges

The community college option is also very tempting for many students due to the
lower cost and convenience. As an engineering student, or potential engineering student,
community college is a workable solution. What is helpful about a community college is
that you can tackle the large amount of pre-requisite courses that your mechanical
engineering curriculum and your university require. You can finish your calculus,
chemistry, physics, and other additional general education requirements for a fraction of
the cost. What is important to realize, is that when you transfer to a larger university to
obtain a mechanical engineering degree, your grades do not transfer. You essentially
start with a clean slate. This can be both an advantage as well as a disadvantage.
Whatever your previous grades were, they will not be included into your total GPA at the
engineering school.
Community college courses are also typically easier than the same pre-requisite
courses at an engineering school. This can cause some shock to students and may make
the transition to the engineering school rough, because they are not used to the larger
workload. Not having a full understanding of pre-requisite material can also become an
issue.

A critical factor in considering a community college is whether or not your preengineering courses will directly transfer to an engineering college. This is based on the
quality of the community college, your community college grades, the engineering
school's policies, and on the engineering school's advising staff. If you choose to attend
community college with the hopes of transferring to engineering school, you should
verify that your credits will transfer.
Paying the Bills

College is an expensive venture, no matter which way you approach it. As a
result, how you will pay for the experience is a big concern for both you and your family.
You should carefully weigh your financial situation when deciding your school. There
are several options that can help defray the cost of college that you should fully exhaust,
no matter what your financial situation is.
First of all, there are a large number of scholarships out there that you should
apply for. (After all, you don't have to pay them back!) You can find scholarships for
almost anything from being an excellent student to being left-handed. The first method
you should try is applying for scholarships offered by your school of choice. Find out
what your school offers, and what the requirements are. This can only be achieved by
direct contact with your school, so call them. Next, explore all of the scholarships
offered in your community. Listings of community scholarships can be obtained from
your local high school. From here, there are a million other ways to locate potential
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scholarships. If neither of these methods work, additional scholarship resources are
available from your library, online, or at your local bookstore.
Next, you must apply for financial aid. This process begins with the FAFSA
(Free Application for Federal Student Aid) form. This form requires the same
information used on both your parent's and your tax forms. You should fill out your
FAFSA as soon as possible! Federal aid is limited, and is rewarded on a first-come, firstserve basis along with your financial need. Competing the FAFSA is the key to obtaining
everything from grant monies to work/study employment. Once your school, or schools
that you are considering have your FAFSA information from the government, the process
may begin. Contact your school/schools to verify that they have received your
information, and if you need to provide anything additional. To ensure success begin the
process early. The FAFSA process can be tedious and time consuming. Additional
information on the student financial aid process is available through your school/schools
financial aid department, and on the web at www.fafsa.ed.gov. Make sure that you fully
understand and complete this process!
Finally, remember that it is your burden to pay for college. It is up to you to find
which method is best for you. Some people refuse to let the cost of their education
dictate which school they attend. Others let the cost scare them from even considering
college as an option. No one else can make this decision for you, as everyone's financial
situation is unique. However, make the commitment to yourself to find out exactly what
all of your options are before you make any rash decisions.
Location

For some, leaving home is their biggest concern when choosing a school. Once
again, this is a personal decision for you to make. There are some elements to consider
about the location of your school as a Mechanical Engineer. It can be helpful to attend a
school that is well respected in the area for which you want to live after graduation. This
might mean that you pick a school near where you want to live after graduation. This is
true because many colleges have direct involvement with the local industry. As a
student, you can get involved with them while completing your undergraduate education
through co-ops and internships. You are also more likely to stay in the same area after
graduation for a few years at least, as you will have lived there for four years and settled
down. Choosing a school in a location where the job market is promising can be helpful.
The type of campus is also dictated by the location. For example, if a school is
located in a metropolitan downtown area, the campus will have a downtown atmosphere.
Picking a college in a rural area will lend towards a more spread-out campus. Finding a
campus in a location where you feel comfortable is essential; after all, you will call it
home for at least four years.
Summary

Finding the right school for you is a challenging task. No one can outline a stepby-step process for you because everyone has his or her own individual tastes. When
choosing a college, it is essential that you explore all of your options. You will never
know what is out there unless you look for it. Once you know what choices you have,
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you can begin to weigh them against each other based on your goals. Contrary to what
you may believe, making a commitment to your higher education begins before your
classes start. In the end, college is a rewarding and life-enhancing experience. You will
never hear someone tell you that they regret going to school; rather, you usually hear
about people being hindered by their lack of education. College not only provides you
with a solid knowledge base, but your commitment to your education shows your
employer your drive and direction. Ultimately, education is a key part of the formula for
success in life.
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Statics
Related Courses: Physics (Mechanical), Mechanics ofMaterials, and Dynamics
Introduction

Much of the world around you is stationary. Think about it for a second; the
building you are inside, the table you are in front of, even the chair you are sitting in right
now is stationary for the moment. Since so much of the world remains stationary, it is
only natural that you would spend some time as an engineer studying how to handle
problems where nothing moves. Furthermore, as it turns out, it is much simpler to handle
motionless problems than it is to handle problems with movement. The engineering
study of stationary problems is called statics. Statics is a course that is usually taken by
sophomore engineering students, after they have completed Mechanical Physics.
Key Concepts
•

What it Means to be Static

•

Equilibrium Assumptions

•

Vectors

•

Free Body Diagrams

•

Centroids

Terms

•
•
•
•

Boundary Conditions/Constraints - the connections between static bodies
Centroids - the center of mass, or center of gravity, for a body
Frames (Trusses) - a static body made up of several connected beams
Free Body Diagram - a schematic created in which vectors are used

•

Ground - the infinite static surface that all static bodies rest on

•

Moment - a twisting load about a pivot point that is caused by applying a force on
the end of a lever arm

•

Moment of Inertia - a property of a body used to take shape into consideration,
or to handle distribution

•

•
•

Reaction Forces - the equal and opposite forces that are applied on to a body in
response to the forces that a body applies
Static - a body that does not move, or every point moves with uniform velocity
Vector - a quantity with magnitude and direction

Real Life Story

You are faced with the problem of trying to figure out if you can safely carry a
heavy load of bricks up to the roof of your house to fix the chimney using a pulley. The
only information that you have is that your pulley is rated to handle 2001bs of force if it is
vertical. However, in order to get the bricks to your roof, you have to pull on an angle.
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There is of course the option of simply loading the bricks up and trying to lift them,
crossing your fingers that it won't break; however, that doesn't seem too wise. After
taking a statics course as an engineer, you would easily be able to resolve your load into
vectors, and figure out the maximum load you can safely carry.
Newton's Laws and Equilibrium

Statics is one of the first subjects most engineering students take in their curricula
since many fundamental engineering concepts are based on static assumptions. The bulk
of Statics requires only basic knowledge of calculus and physics. There are two
underlying assumptions that can always be made when you hear a problem is static; you
can always assume that it is stationary and in a state of equilibrium. Stationary means
exactly what it sounds like - nothing moves. On a similar, but slightly more complex
level, let's take a look at what static equilibrium means. The concept of equilibrium
comes from Newton's third law, namely that every action has an equal and opposite
reaction. If a body, let's say a small marble, has a force exerted on it, you would
naturally assume that the marble would roll in the direction of the force. Now, if we want
to have the marble remain in a static state, then for every force we apply on the marble,
there must be an equal and opposite force to keep the marble from rolling. This simple
example is the fundamental concept in statics - every force on a body must have an equal
and opposite force acting on it to remain motionless, or in static equilibrium. The same is
also true if no forces exist on a body.
The concept of equilibrium goes a bit further to say that not only must the sum of
all forces on a static body equal zero, but the sum of all moments acting on a static body
must equal zero. Let's take a look at the definition of a moment. A moment is an
engineer's way of talking about torque acting to bend, spin, or rotate a body about a pivot
point. While a moment is often created by applying a force at the end of some leverage
arm, moments can be looked at as twisting loads applied about a point. Looking at an
example of a force being applied at a distance from a body, the moment created is simply
the magnitude of the normal force times the distance from the point you want to find the
moment about.
M = F»d

A good example of the difference between a force and a moment is when you
tighten a bolt into a hole. If you simply applied a force to the bolt, you would be pushing
on the head of the bolt, trying to force it into the hole. As we all know, this would not get
you very far. If instead you get a socket wrench and twist the bolt into the hole, you will
have much better results. You might be saying, "Yeah, but I am applying a force on the
end of the wrench." This is exactly the point. By applying the force at the end of the
wrench, you are creating a moment about the bolthole. The wrench acts as a lever arm,
and the bolthole acts as the pivot point. This twisting moment is what drives the bolt into
the hole. Once the bolt is fully tightened, and cannot be turned any more, the bolt reaches
a static equilibrium state. If you continue to apply force on the wrench to create a
twisting moment, the hole will push back an equal and opposite moment keeping the bolt
in equilibrium.
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Vectors

A good understanding of statics begins with a firm grasp on the concept of
vectors. Any force can be resolved into a vector. Vectors are used throughout
engineering in almost every subject. A vector is a simple graphical way of thinking about
loads. A Force vector contains two pieces of information: a magnitude and a direction.
The magnitude of the vector is equal to the magnitude of the force, and the direction of
the vector is equal to the direction of the force. A rope with a 20 N force is modeled by
using a vector with magnitude of 20 N, and the direction of the vector is directly along
the rope.
Vector Equilibrium

You always start a static problem by looking at the reaction forces. Every static
body must be anchored to ground in some way shape or form. Ground in engineering
terms means any anchoring body, for example, a floor, wall, or ceiling that a body stands
on, leans against, or hangs from. The reaction forces of the ground acting on a body are
calculated by looking at the applied forces and using the fundamental equations of
equilibrium; the sum of all forces must be equal to zero, and the sum of all moments
about a body must equal zero.

£m =o
What this means is that the sum of all forces in the X direction must be equal to
zero. The same is true for the sum of all forces in the Y and Z directions. The sum of all

moments in the XY plane must be zero; the same applies for the XZ and YZ planes.
While this seems a bit confusing, it is much clearer when thinking of an example
problem.
Example:

A weight is placed at the center of a 4-meter wooden beam.

ION
Y
t

i

D

A
w

X

Free Body Diagrams and Reaction Forces

First of all, let's talk about the picture depicting the problem. This type of picture
can easily be transformed into a Free Body Diagram. A Free Body Diagram is a simple
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schematic done with vectors that simplifies the information you already know. The
triangle on the left side is a common diagram convention for a hinge support. Thinking
of a hinge, it is easy to realize that the hinge does not allow for movement in the X and Y
directions, but only rotation about the Z-axis. Just as a hinge on a door is, if you twisted
around the hinge by pulling on the door handle, it would move. Knowing that the left
support is a hinge allows us to turn the hinge into two force vectors, known as the
reaction vectors.
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Y
•k-

^

+i i

U
Ry

X

Now let's look at the roller support on the right side. Imagine the roller as a
round log supporting the right side of the beam. The roller can only apply a force in a
single direction; that is it can only have something sit on it. If you applied a force or
moment in any other direction, it is free to slide or roll. In this case, the roller prevents
the beam from moving in the vertical direction only. Now we will replace the roller
support with its vector representation.
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X

Finally, let's finish the free body diagram by converting the load to a vector.
Another assumption usually made in static problems is that elements usually have
uniform density. Load blocks like the one drawn here, beams, cables, pulleys, and many
other elements are examples of items that would be thought of as having uniform density.
In the case of this weight block, this means that the force can be thought of as being
applied directly at the center of the block. Let's replace the block with its vector.
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Y
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fe,

*J i
X

i i

Ry

Ry

Let's move on to solving this problem for all of the reaction forces. Looking at
the most simple equation first, let's consider all forces in the X direction. There is only
one force in the X direction here; the hinge reaction force in the X direction.

IX=o=* XHinge
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From this equation, it is easy to see that the hinge reaction in the X direction is
equal to zero.
Moving on to the Y direction:

YJFy=0 =RYm„ge +RrRo,ler-iON
The two reaction forces here are positive because their vectors point up, and the
ION load is negative because its vector points down. This creates a problem because we
have only one equation and two variables that we are trying to find. From here, we have
to consider the moment equilibrium equation. Let's take the sum of all moments about
the hinge.

ZMHi„ge =0=(RYRoller)(4m)-(10N)(2m)
•• Roller = ™
From this equation, we can solve for the Roller reaction, put it back into the sum
of forces in the y direction equation, and solve for the hinge reaction.
This example illustrates a typical problem done in statics where all pieces of
information are put together to solve for the unknowns.
Frames (Trusses)

As with all subjects, from here the fundamentals are applied to more complex
problems. Instead of a simple beam, a frame might be analyzed. A frame is a structure
made of several beams. The important part about the fundamental equations is that they
can be applied at any point. Looking at any joint (a place where two beams connect) of a
static frame, the equations can be applied and used to solve for the forces. A frame can
be split up beam by beam, and the fundamental equations can be used to solve for each
force inside the beams. With more practice, disassembling each beam of a frame and
using the fundamental equations becomes second nature. The hardest part of this process
is deciding how to use the boundary conditions, or how each member is supported. The
hinge and roller in the preceding example are examples of the boundary conditions. With
more complex problems, the boundary conditions can become unclear as each member is
taken apart from the frame. The only way to overcome this difficulty is through practice
and experience.
A good example of a truss is a folding chair. Each beam in the folding chair is
pinned to another beam. Separately, each part is just a beam which you can handle using
statics. By considering each beam or each piece of the chair at a time, you can solve the
problem in small chunks instead of trying to tackle the entire chair at once.
A highway bridge is another example of a truss. Looking at each piece of the
bridge, we can separate it into beam elements. Each support, the roadway, and each Ibeam can be solved individually. These beams can then be added together to solve the
entire problem.
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Centroids and Moments ofInertia

There are two additional concepts learned in statics that are fundamental and used
frequently throughout engineering. These two concepts are the ideas of the centroid and
the moment of inertia.

The centriod is a property of an object. In layman's terms it's called the center of
gravity or the center of weight. In the simple beam problem discussed earlier, we used
the idea of uniform density to assume that the block would be the same as a vector of
identical force applied directly at the center of the block. Since the block was symmetric
and made of a uniform density material, the center of mass or the centroid was directly in
the center. For simple symmetric shapes like blocks or spheres, the line of symmetry is
the same as the location of the centroid (assuming uniform density). For more complex
shapes, the centroid can be calculated using calculus as long as the shape can be
described with a mathematical function. Let's take a look at the formula to find the x

coordinate for the centroid of a simple area defined by a function f(x).

ixdA
x=A

jdA

A

dA : A small piece of the area
While this formula may not be very specific to anyone without a good
background in beginning calculus, the basic concept of the centroid can still be grasped
by thinking of it as the center of gravity. What is more important is that there are
formulas to find the centroid of most common simple shapes and volumes which
engineers use more than the general formula above. In sum, a centroid is the point at
which a vector load is applied to replace the weight of a body and is found by locating the
lines of symmetry or by using the simple shape centroid formulas.
The concept of the moment of inertia is a bit more complex. Until you have a
firm grasp of calculus, a true understanding of the moment of inertia is difficult.
However, we can discuss the moment of inertia as a property of an area. This property is
related only to the geometry of the area and is used later in engineering to determine the
effect of shape on the strength, rigidity, and loading of materials. The general formula is
similar to the centroid formula.

=\/dA
Just as with centroids, the formula for the moment of inertias for common shapes
can be found in any statics textbook, and it is used much more regularly than the integral
equation.
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Summary

Statics is a fundamental subject for engineers. A firm grasp of statics is key to
success in many later courses including Mechanics of Materials and Dynamics. The
subject of statics is based on two similar assumptions: nothing moves and everything
must be in equilibrium. In order for something to be in equilibrium and stationary,
Newton's Laws tell us that every force or moment must have an equal and opposite force
or moment. The concept of vectors is used throughout statics. In order to use the
equilibrium equation, free body diagrams must be used in which every load is turned into
a vector quantity with a magnitude and direction. From the fundamental equations of
equilibrium and vector free body diagrams, any complex static problem can be broken
into smaller pieces to analyze one step at a time. The final concepts in statics include the
centroid and moment of inertia. While these may seem a bit strange, they can be
considered properties for a problem that take into consideration the shape or geometry.
The centroid is merely the point at which a vector can replace a load. The moment of
inertia is a property used to adjust for the shape of an area (like the shape of a loaded
beam). Since engineers can typically approximate a problem with simple shapes, or can
usually assume that a complex shape is close enough to a simple shape, both the centroid
and moment of inertia for simple shapes can be found in any statics textbook. It is
important to realize that statics is a continuation of mechanical physics, and just like with
physics, practice brings understanding.
What You Should Have Learned

1. All static problems are stationary, or have no velocity relative to each other.
2. All static problems are in equilibrium at every point, meaning that the sum of
forces and the sum of moments is always zero.
3. The equations of equilibrium are vector equations and can be used at any point to
disassemble and reassemble a problem piece by piece.
4. A moment is the twisting effect caused by applying a force at a distance about a
pivot point.
5. Vectors have a magnitude and direction and can be used to replace any load and
any reaction.
6. A centroid is the point at which a vector can replace weight without changing the
problem. It is also described as the center of gravity, or the center of symmetry.
7. A moment of inertia is a property, which allows an engineer to consider the
effects of geometry or the effect of the shape of a beam on a problem.
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Mechanics of Materials
Related Courses: Statics, Material Science, and Calculus
Introduction

Mechanics of materials helps us understand what happens internally to a material
when we apply an outside load. In mechanics of materials, we use the knowledge we
learned in physics about external forces, and apply it to see what happens inside the
material. In other words, every time we apply a load to a beam or a column, there are
forces inside the material trying to fight back; as a result the material can experience
deformation or even failure. Mechanics of materials is a sophomore/junior level course
and requires prior knowledge in statics, material science and calculus.
Key Concepts
•

Method of Sections

•
•
•
•

Factor of Safety
Types of Forces and Loads
Stresses Caused by Different Load Types
Deformation Caused by Different Load Types

Terms

•
•
•
•
•
•
•
•
•
•
•

Buckling - Lateral (side to side) deflection a column experiences when we apply
a load on top.
Distributed Load - a force acting over a larger length or area
Factor of Safety - how much load a part can take over the stated value; how
much we "over-engineer"
Free Body Diagram - schematic we construct to show all the forces and
moments acting on the body we are analyzing
Loads - The forces we exert on a bridge, beam, cars etc; by sitting on a chair, you
are putting a "load" on it (your weight).
Moment - Torque; when you twist something you are applying a moment.
Shear Force - a cutting force; how a 3 hole punch creates holes in papers
Strength - the value of stress a material can withstand
Strain - a measure of how much a body will deform as a result of loading
Stress - the internal pressures found inside a body with applied loads
Worst-Case Load Location - The spot on a body where the internal forces in a
material are at their largest; usually found with shear and moment diagrams.

Real Life Story

As a Mechanical Engineer, you know that you can work anywhere from the auto
industry, to the energy industry, and even in construction among other things. You are
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particularly fascinated by bridges, and will not pass up a chance to work for BridgeCo, a
well known engineering firm specializing in designing and building bridges. After the
engineers agree on a business deal to build a bridge, it is your job to start preliminary
calculations. Your knowledge in mechanics of materials tells you that one of the first
things you have to consider are the loads. First, you have to decide how much load this
bridge is going to take. Then, take that number and increase it by a factor of safety of 3.
You have to be worried about distributed loads the bridge is going to experience if
traffic is heavy, and there are always cars or trucks on it. You also have to calculate the
reaction forces on the bridge. After you calculate all these forces, you will create shear
and moment diagrams to gain an idea where your largest loads are. Finally, these
preliminary calculations will allow you to consider the bending of the bridge after we
place large loads on it. After performing these calculations, you will have an idea of
what loads and stresses you are dealing with. This will allow you to meet with your
Materials Engineers who will help you decide what materials are appropriate for those
loads.
Failure

One of the major goals of mechanics of materials is to determine if your part will
fail. As an engineer, you would never knowingly design a part that would fail because it
may injure someone. Mechanics of materials allows us to mathematically compare our
loads to our failure criteria. We do this by comparing stress to the strength of our
material. Stress is the measure of the internal pressures that result from external loading.
.

.

N

In the SI system, pressure is given the units Newtons per square Meter —- or Pascals
m

(Pa). Strength is a measure of how much stress a particular material can handle before
failure occurs and has the same units as stress. Once we find the maximum value of

stress that a part faces, we can compare the part strength to determine how close to failure
the part is.
Shear and Moment Diagrams
One of the most fundamental elements in mechanics of materials are shear and

moment diagrams. These diagrams allow us to identify what types of loads are affecting
our body, and then allow us to find the worst-case load location. Using your knowledge
of statics, you begin a problem by constructing a free body diagram using vectors.
Then, you solve for the reaction forces using the load forces. These values are what you
use to construct a shear and moment diagram. The process of constructing shear and
moment diagrams is a bit confusing without a good foundation in statics; however, their
meaning is not.
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Shear Diagram: Load [Newton] vs. Length [meter]

o

*" Beam Length

Moment Diagram: Internal Moment [Newton-meter] vs. Length [meter]

As you can see, these two figures plot the internal forces (internal shear force,
internal bending moment) as a function of the beam length. From these simple diagrams,
you then pick the highest point, or the point furthest away from zero, to find your worstcase load situations. The worst-case load location is important because that is the
location where your part or beam will fail first.
What is Stress?

Now that we know how to find the worst case loading values, we are one step
closer to our goal of finding out how close to failure a part is. As stated before, failure is
when our stress exceeds our strength; this means we are searching for stress. Geometry
and external loading are the primary factors that give us the value of stress. The material
itself does not have an effect on the simple stress value. Mechanics of Materials teaches
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us several equations used to determine the values of stress. Due to the fact that there are
two types of simple external loads (applied shear forces and applied bending moments),
we have two different types of simple stress:
1. Shear Stress - The stress that results from scraping on the face of a body. If you
apply a force on a wall by pushing on it, you will create a shear force in the area
under your hand. The area term takes geometry into account. We can think of
shear force as a cutting load. We've all done this when we cut or shear paper with
shears. The average shear force is found with:
V
i

-

—

A

t : Shear Stress
V: Shear Force
A: Area

2. Normal Stress - The stress that results from bending loads. If you took a pencil
and tried to snap it in half, you would create normal stress inside the pencil. The
area moment of inertia term takes geometry into account.
My
a

=——

I

a : Stress

M: Bending moment
y: Distance from bending axis
/: Area moment of inertia

Once we determine our values for stress, we can then compare our material
strength and determine how close to failure our part is.
Factor ofSafety

Have you ever done something despite signs telling you explicitly not to do so?
Actually, we all do it; a car's tachometer may be "redlined" at 6000 RPM's, but we've
taken that car to 7000. A truck's tow rating is at 5000 pounds, but we go ahead and slap
on a boat that weighs 7000 pounds. Usually, the truck will still tow (even though you
may be damaging it). When we as engineers design components, we have to always
account for people not obeying signs. In a sense, we are forced to "over-engineer"
something to protect people from failure. This is what we refer to as a factor of safety.
If the truck has a factor of safety of 1.5, that means it is capable of towing 1.5 times the
stated value of 5000 (1.5*5000 lb = 7500 lb) until something is supposed to break. When
studying and applying the field of mechanics of materials, we have to always keep this
important concept in mind; otherwise people will get hurt. Mathematically, our value of
strength should always be greater than our maximum stress multiplied by the safety
factor.

Strength = Factor ofSafety x Maximum Stress
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Strain

Think about stretching a rubber band. As you pull on the rubber band, you can
see the rubber band elongates. Also, you can see the rubber band become thinner the
further you stretch it. Strain is a measure of how much elongation you will have
compared to the original length of a piece of material. Since strain is a ratio, the quantity
has units of meter per meter. Strain is important to us because it gives us a mathematical
quantity for which we can measure deformation based on loading. Stress strain diagrams
are graphs that tell us how much strain a part will experience based on our stress values;
in simpler terms, we can find how much a part will distort in shape based on our applied
load by looking at a stress strain diagram.
Buckling of Columns

A column is a long member that can take compressive forces. When you think of
a column, Greek and Roman architecture probably comes to mind. Although some
columns may be decorative, in engineering we're concerned with how much load they
can withstand before they buckle, (or deform and ultimately fail.) You can think of your
dining table as a platform supported by four columns. The question is, how much weight
can you put on it before the legs start to bend? In the engineering world, we're very
concerned with the buckling of columns because we use them in supporting loads within
buildings. If they buckle, many people will be in danger.
Column Buckling

Force applied from the top

Notice deformation

happening due to two
compressive forces. This is
buckling.

Ground reaction force
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Torsional Stress

In order for us to rotate a shaft, we have to apply some kind of torque, or twisting
force. At the same time that we are doing that, inside the shaft there is a torque that
causes internal stresses. Torsional stress is a measure of the internal pressures that result
from twisting loads. The formula is a bit more abstract, and for simplicity's sake will not
be discussed here. The units of torsional stress are Newtons per square meter, or Pascals.
Summary

We study mechanics of materials because it's important to know how our parts
will act if we exert forces on them. Understanding where shear forces, moments, and
reactions act gives us an idea whether the part will bend, deform or completely fail. Free
body diagrams are very important when we set up our strategy for solving the problem.
As engineers, we also have to be concerned with the safety of our design, whether it's a
roof, a bridge or a supporting structure for a house. This is why we always want to
incorporate a factor of safety, to make sure that the structure will not fail and people will
not get hurt.
What You Should Have Learned

1. Shear and Moment diagrams give us the values and locations of the maximum
shear force and maximum bending moment.
2. Shear stress results from the shear loading and takes geometry into consideration
with the area term.

3. Normal stress results from the bending moments and takes geometry into
consideration with the area moment of inertia term.

4. We consider failure by comparing stress values resulting from our loads and
geometry with strength values for our materials.
5. Factor of Safety is how much load a part can take over the stated value; how
much we "over-engineer" something for safety's sake.
6. Strain is a measure of how much a particular object or material will deform.
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Material Science
Related Courses: Physics, Mathematics, Chemistry, Statics, and Processes and
Materials in Manufacturing
Introduction

You might not realize it, but there is not a week that goes by when you are not
faced with a material science related decision. Do you use a regular steel hammer or a
rubber mallet to hit a nail? On the other hand, have you ever wondered why your car has
rubber instead of wooden tires? Both examples of wheels can serve the same purpose;
they can both move your car, but the rubber works much better. Alternatively, what if
you are very concerned with the weight of the material at hand? The engineers at Audi
are using aluminum alloys on their new A8 sedan to address similar concerns. While the
new alloy makes the vehicle lighter, the material is more expensive than steel, and harder
to fix after a crash. You also be concerned with how temperature, contact, stress, fatigue
etc., will affect your component. By having a basic understanding of materials and their
behavior, you can make a reasonable decision on what materials to select. You should
also know that many times we leave the material choice decisions to materials engineers,
a profession all on its own. Nevertheless, as a Mechanical Engineer you need to be able
to make an educated recommendation or a decision, that is consistent with what you
know about materials and their properties. Material Science is a sophomore/junior level
course and requires prior knowledge of physics, mathematics, and chemistry.
Key Concepts

The Importance of Material Science
Metals

Composites
Ceramics

Polymers: Basic Difference Between Thermoset and Thermoplastics
Strengthening of Metals
Terms

•

•
•
•

•
•

Annealing - to heat then slowly cool the metal in order to remove internal stresses
(or forces acting over an area), and make the part more ductile (soft) by changing
the crystal structure
Carburizing - making a metal stronger by adding carbon to its surface
Corrosion - rusting if steel, other metals disappear as ions in a solution
Forging - forming metals by physical contact; think of blacksmiths forming
metals by shaping with hammer and anvil. This also makes the metals strong.
Elastomers - a type of polymer; for example, elastic bands
Quenching - rapid cooling; we quench a metal rapidly to change its internal
structure.
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•

Stress - applying a force over an area; pushing on a wall with your finger is an
example of applying stress (the force is your finger pushing, over an area the size
of your fingertip).

•

Strain - deformation of a material

•

Tensile Strength Test - pull on something until it breaks, to determine how
strong it is.
Thermoplastics - plastics that you can recycle
Thermoset - plastics that cannot be recycled; once they are formed, you cannot
melt and reuse. (Think of the word 'set', as once plastic part is made, that is it,
you can't reset it.)

•
•

Real Life Story

You are the chief engineer in charge of designing the next generation Corvette.
Before you can start designing, you have to consider several points. Obviously, you want
to make the car fast, I mean super fast. You also want it to be durable and safe in a crash.
The car has to have good gas mileage among other things. So you have to think, what
materials are going to help you achieve those goals? This is when your knowledge in
materials becomes very useful. Starting with the frame, you know that you would not
make it out of concrete; that makes no sense (too heavy, and not a good design and
material for manufacturing). Instead, you might consider high strength aluminum alloy,
which is lightweight (compared to steel), relatively easy to manufacture, and more
importantly, strong. Moving to the body panels, perhaps you could consider using
fiberglass instead of the usual steel panels, adding to the weight savings. (Saving weight
is important for increased performance and gas mileage.) As you can imagine, we can go
on forever discussing the reason for choosing every single component in the vehicle,
from the engine block to the nuts and bolts. Now, you would probably laugh at the idea
of using wood on an expensive car like the Corvette for anything structural. Actually,
what is amazing is that GM engineers used wood as part of the floor in the past. To them
it was a good choice because it was strong and lightweight, therefore satisfying their need
to reduce the vehicle's weight. As you can see, the job of an engineer is to know what
materials are out there and to determine which material is right for the job. Below we
have summarized some of the materials we can use for our car parts.
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Properties ofMaterials We Use In Cars
Material

Advantages

Aluminum

Lightweight

Steel

Strong, relatively
cheap

Titanium

Very strong,

lightweight

Wood

Abundant, cheap,
relatively
lightweight

Polymers

Affordable, easy to
shape, absorb
impacts,
lightweight

Disadvantages
Hard to weld, hard

to repair
Heavy

Availability,
machinability, cost
Fire Hazard,

strength
Low melting point,
become brittle in

cold, low strength

As engineers, we have four different types of materials at our disposal to design
and build for our needs. These include metals, polymers, ceramics and composites.
Metals are among the most common and cheaper materials we use today. They have
been around for thousands of years. We like them because they are strong and have
useful properties such as electrical conductivity. In this chapter, we will focus mostly on
metal properties because we use metals frequently. On the other hand, polymers are what
we know as "plastics." They are increasingly finding their way into engineering
applications as we learn to make them stronger, and make use of their lower weight.
Ceramics and composites on the other hand are new materials to engineering
applications. Although, wood, a composite, has been around since the beginning of plant
life, and pottery (ceramics) has been around for thousands of years, engineers have only
begun to scratch the surface on their applications. You will also notice that formal
material science textbooks do not spend as much time talking about composites and
ceramics as they do with metals. The reason remains the same: we know much more
about metals and their application. Perhaps in the future you will be a contributing
engineer helping us understand more about the application possibilities of ceramics and
composites.
Metals

We can picture metals as chunks of atoms held together by what we call a
metallic bond. These bonds are highly organized into crystal grains. Many of these
grains together make up the entire piece of metal. The boundary where one crystal grain
meets the other is called the "grain boundary." Controlling the grain size is important to
the final properties of the metal.
A metal can be an element (from the periodic table) like iron, or mercury. A
metal can also be an alloy (mixing of metals) such as steel. As engineers, we are

44

Introduction to Mechanical Engineering©

particularly concerned with steel because it is strong, abundant, and cheap enough for us
to use. Today, we find steel in cars, buildings, bridges, and many other applications. If
you are involved in more advanced fields such as aerospace engineering (rockets,
satellites), lightweight and high strength metals are what you might be interested in.
Titanium is one of those metals, along with other several alloys, which provide high
strength.

Picture ofMetal CrystallineStructure and Grain Boundary

Grains

Steels

When we think of a very strong metal, steel immediately comes to mind. It has been
around for hundreds of years; some of the applications we use steel include:
• Bridges
• Houses (main supporting beam)
• Cars (chassis, shocks, engine parts)
•

Surgical tools

In the engineering world, we can choose from many types of steels. If you went
to a catalog and tried to order steel, you would have to make many decisions. Should you
get 1020 steel or 1040? Or should you get annealed steel? Later in the chapter, we'll talk
about what it means to have annealed or tempered steel but the important thing for now to
remember is that steel with more carbon (1040) will generally be stronger than one with
less carbon (1020). How do we know that one has more carbon than the other does? Just
look at the last two digits of the steel number.
Controlling the Composition ofSteel

Making steel is like making bread. Just as the ingredients and methods we use in
making breads dictate its taste and texture, the same is true in steels. The amount of
carbon, the time it takes to heat the steel, cool it down, etc., all play a role in how the
steel turns out: strong, weak, brittle or soft.
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Our greatest tool in this kitchen is thephase diagram. We can use the phase
diagram as a roadmap to predict the microstructure (internal makeup) of our metals
depending on the temperature (Y-axis) and the percent composition of elements (X-axis).
Each alloy has a unique phase diagram; below we show what the general shape of a phase
diagram looks like.

General Shape of TypicalPhase Diagram
Liquid + $

Liquid + a
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40

60

Mass % Element B

80

100

Pure ElementB

Again, depending on what kind of "bread" we want, we will use methods of
adding alloys, and manipulating the temperature. For example, the phase diagram shows
that the metal will turn into a liquid at about 1000 degrees Celsius if it has about 10% of
Element B in its composition. Moreover, we can see that at 600 degrees Celsius and 40%
mass Element B, our microstructure consists of a and p . (a and (3 are known as
microconstituents.) In sum, by manipulating the composition of steel and the cooling
process, you can determine exactly what type of steel you will have as a final product.
Additional Ways to Control Properties

We have several methods at our disposal for changing the properties of metals,
especially steel. Below, we have summarized some of the methods:
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Methods We Have to Control the CrystalStructure ofSteel
Method

Tempering

Quenching

What does it do?

Controls the layering of the
phases
Lowers the temperature of
the metal into the lower

ranges of the phase diagram
Annealing
Cold Work

Remove stresses and make
our metals softer

Tangles grain boundaries to
limit their movement
Introduces additional atom

Alloying
Carburizing

type into the mixture to
alter metallic bonding
Hardens surfaces by
increasing carbon content

What does this really
mean?

Makes the steel stronger
Makes the metal hard and

brittle when we quickly
cool in a liquid
Results in softer metals

Makes the metal stronger
Makes the metal stronger or
weaker depending on the
material we add
Makes surfaces wear-

resistant

Stainless Steel

If you like to watch TV, you've probably seen infomercials trying to sell you
"stainless steel" knives. In addition, if you've had any experience with stainless steel
material, you know that they are shiny and do not rust. As engineers, we want to take a
look from a material science point of view and find why this phenomenon happens. First
of all, stainless steels are alloys (mixtures of materials) with nickel, carbon, and at least
10.5 % chromium. The chromium is what is important because it creates an oxide film,
which protects against corrosion. This oxide film serves as a protective layer, like paint,
and separates the iron from the oxygen that forms rust. Other than knives and kitchen
utensils, stainless steels are widely used in the medical field, because they make great
surgical tools. Other applications of stainless steels can be found in the chemical
industries as well as food industries (where sanitation is important.)
Aluminum Alloys

Aluminum alloys are less strong and stiff than steels, but they are also less dense
by a factor of 1/3 making them the perfect choice when we want to save weight. They
are also weldable, machinable, and do not rust. Aluminum is less abundant, however,
making it more expensive, and it has a much lower melting point. Aluminum alloys are
often the first alternative considered to steel when balancing strength and weight.
Polymers

What we're used to calling plastics (pop bottles, dashboards on cars, elastic
bands, computer parts etc.) all fall under the polymer family. Polymers are made up of
extremely long molecule chains. However, how these chains interact with one another
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(the bonds they create) is what results in plastics with different properties. We can
further classify polymers into three types based on their properties:
•

•

•

Thermoplastics - adjacent chains are held together with a weak bond (van der
Waals), allowing the chains to slide past each other if we apply heat. (This results
in melting.) These are plastics we can recycle. Some examples include pop
bottles, and Polyvinylchloride (PVC), which we use in residential and commercial
piping applications.
Thermoset - adjacent chains form bridges (cross-links) making it harder for the
molecules to slip past each other if we apply heat. If we heat them, they'll simply
burn. These are plastics we cannot recycle. Ashtrays are made of thermoset
plastic.
Elastomers - polymers made of long, spirally wound, stretchy strands. Elastic
bands are elastomers.

Moreover, as engineers we can control the composition of the polymer in order to
manipulate its properties. For example, we vulcanize rubber tires to make them harder by
adding sulfur.
Ceramics

Ceramics are very important materials in engineering and material science. They
are harder and stiffer than metals (atoms will not slip or move as much as in metals),
making them the perfect candidates in uses ranging from brakes, to bearings, to insulation
in the belly of the space shuttle. Ceramics can also handle higher temperatures than
steels.

To make engineering ceramics, we usually go through four main steps:
1. Make ceramic powder
2. Press powder into desired shape
3. Heat under pressure to bond the powder
4. Finish the part by grinding
Composites

Composite materials are any physical (instead of chemical) combinations of two
or more material types. Before we talk about what they are, understand that the main
reason why we have these artificial materials is to satisfy human kind's needs. We can
use them in cars, houses, and even our roads. We classify the three most common types
of composites as:
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Type

Common Material

Particulates

Concrete

Fibrous

Fiberglass

Laminar

Plywood

Materials Combined

Cement, Rock, Sand,
and Water

Glass fibers and
Adhesive

Wood and Adhesive

Common Use

Roads, buildings
Race cars, hot tubs

Housing

Mechanical Testing and Properties ofMaterials

Stress and Strain are ways we can quantify how our materials are behaving when
we apply some load to them. Looking at the formulas below, we can see that stress deals
with a force applied over an area. You do this hundreds of times a day; for example,
when you sit on a chair, the stress you put on it is equal to your weight (the force),
divided by the area of your behind. On the other hand, strain deals with how much a
material deforms. Take a metal wire for example; if you pulled on it from both ends with
enough force, you will deform it (make it thinner and longer). Strain allows us to
calculate how much elongation you caused the material to experience.
Stress =

Force

F

=ct = —; has units of pounds per square inch or psi.

Area

A

length - lengthoriinal

l-ln

lengthc„„:„,
original

l,

Strain

— =8 =

—; has units of inches/inches or cm/cm (which

can be reduced to 1).

Often we are concerned with what we call the yield strength of a metal. This
might be the case in the cables of a bridge, because they are constantly in tension (there
are forces pulling on the cable all the time). It would make sense to know how much we
can pull on such cables before they break. We call this the Tensile Strength.
Summary

As engineers we have to know how materials behave and perform in order to
design a car, a rocket, a house or whatever else we are interested in. It's really like being
a football coach. The coach has to know which player is the strongest, the fastest, the
slowest, the best blocker, and the best runner. By knowing what the coach has on his or
her team, he or she can put people in the positions their skills are best used. The same
idea goes for picking materials in engineering. You would never build a bridge out of
plywood; it wouldn't be able to take the load of cars and semi trucks. Instead, you would
build it from steel and concrete. The next question you have to ask yourself is "what
steel would I use?" and "what is the strongest, the weakest and everything else in
between?" What differentiates you as an engineer is the ability to establish a balance
between the physical characteristics of your steel, and cost. You have to make a welleducated decision. Making these right decisions can lead to direct cost savings; making
the wrong ones can result in an over-engineered product that costs millions needlessly.
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Even worse is if you select the wrong material for the job, as it could fail! You would
loose your returning customers, and at worst, someone could be hurt.
What You Should Have Learned

1. We study material science because, in order to design, we need to know about
material behaviors and properties.
2. We have four main types of materials we can work with: metals, polymers,
ceramics, and composites.
3. Metals are commonly used because they provide great strength and have a
relatively low cost; especially steel.
4. We can control the properties of steel based on how fast or slow we cool it, and
the amount of alloy we add.
5. Thermoset plastics are polymers that cannot be recycled; thermoplastics are
polymers that can be melted and reused.
6. We create composites by physically mixing materials.
7. Ceramics are among the hardest engineering materials, and they handle the
highest temperatures.
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Processes and Materials in Manufacturing
Related Courses: Physics, Material Science, and Economics
Introduction

Many mechanical engineering graduates often find out that their job
responsibilities include duties related to the field of manufacturing. A design is not of too
much use if you cannot produce or manufacture it. In today's competitive world, you
have to go a step further; you have to make quality parts to the customer's specifications
for less cost than the competition. Knowing the manufacturing capabilities and uses of
materials is the key to making the design and manufacture for the customer flow and
work on time. Depending on the institution, Processes and Materials in Manufacturing is
a freshman/sophomore level course and requires some knowledge in basic mathematics,
physics, and material science.
Key Concepts
•

How steel is made

•
•
•

Metal and plastic forming processes
Responsibilities as an Engineer
Benefits of manufacturing to the society

Terms

Casting - melting metal, then forming it by pouring into a die (a sand mold in the
shape of a part); great for creating complex details
Chipmaking - removing material with a tool, which includes drilling, grinding,
etc.

Computer Integrated Manufacturing - using computers in every step of
production from design to delivery
Coordinate Measuring Machines (CMM) - machines that measure points in
space in an X, Y, Z coordinate system. Used for many different applications
including verifying the quality of parts.
Deep Drawing - method of shaping sheet metal. This is how pop cans are made.
A flat piece of sheet metal is stretched into the shape of the can.
Design for Manufacturing - designing parts which are easy to manufacture and
assemble (particularly important in the auto industry)
Forging - forming a metal part by using high pressure (sometimes with heat)
presses and dies
Just in time (JIT) plants - a system where suppliers produce parts within a short
period of time before the assembly plant requires them to avoid high storage costs
Productivity - how much work you get out from what you put in
Quality - "Quality is Fitness for intended use," according to Joseph Juran, a
famous Quality and Manufacturing Engineer.
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•

Rapid Prototyping - creating a single part quickly from your design for testing

•

Warping - the distortion of a part caused by high heat, especially during welding

purposes

Real Life Story

Let's imagine that your company, "Cartech," received business from Ford Motor
Company to supply all interior components for its new hybrid car, the Minima. This tiny
car gets more than 80 miles to the gallon, and Ford is very excited about the prospect of
selling 200,000 units a year. That's a pretty good size deal and good news for you and
your company. Now you have to show the capability to your customer (Ford), that you
can build all the seats, headliners and dashboards. Although the program does not launch
for another three years, your designers have already gone to work many months ago,
creating concepts using rapid prototyping methods, and keeping in mind that they must
design for manufacturing. You, as the chief engineer, have to coordinate and make
sure that the suppliers (people who will be making the plastics, mechanisms, control
modules, etc.) can actually produce your design and give you quality parts. After all the
suppliers have proven that they can deliver the amount of parts you need when you need
them, the plant has to go through many "prototype builds" to see if any problems come
up. Remember, in business, time is money. To meet such high production numbers, it
cannot take your plant an hour to build a seat; you have to design it so that it only takes
minutes. Finally, to avoid large storage costs, you have to prepare your JIT (just in time)
plant located very close to Ford's final assembly facility, and make sure they are capable
of delivering the seats, headliners and dashboards within hours before the start of the
work day.
Throughout the entire process, you and your company will use computers in
what we call Computer Integrated Manufacturing. You'll use Computer Aided
Drafting (CAD) for designing the parts, Finite Element Analysis (FEA) to perform stress
analysis, Coordinate Measuring Machines to check whether the dimensions of the parts
match the design, computer controlled assembly lines to ensure high productivity, and
specialized software to aide with the shipping and receiving of parts.
Advantages ofManufacturing

Manufacturing is a key component for the success of any industrialized nation. If
you look around the world, nations that have advanced manufacturing plants and
processes are among the wealthiest countries. As a result, their citizens enjoy a better
standard of living. So what does manufacturing actually do for us? Well first of all, for
every 100 jobs in a plant, there are 150 other jobs that are created in the community
which serve a supporting role. These 150 jobs include people in other supporting
industries that supply raw materials, people in restaurants, gas stations, grocery stores,
convenience stores, banks, etc. These manufacturing jobs create a chain reaction that
has many benefits for the entire community.
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Processes in Manufacturing

Before we can deliver parts to our customers, there are some steps, or processes
we have to fulfill in between. We can think of this as a pyramid where we start with a
large general base, and as we move up, we become more and more specific. The final
part is our goal, and we can think of it as the tip of the pyramid.
After mining the raw materials, we take them to a plant in order to create stocks
(large pieces) of steel, aluminum, or whatever else we are dealing with (the base of the
pyramid). Next, we can take the stocks of material, and form them into more specific
parts (crankshafts, door panels, pistons etc). Lastly, we end up at the tip of the pyramid
after performing finishing touches with machining.

TheProcess ofMaterials, From the Mining Fields to Finished Parts

Form materials into useful shapes
with processes such as casting,
forging, injection molding, drawing
etc.

Mine or create raw materials; take to plants to create large
stocks

The Process ofMaking Steel

To make steel, we take iron ore, coal, and metal alloys and melt them in large
furnaces. Many times, to burn off more impurities, we raise the temperature of the
furnace by pumping extra oxygen into the chamber. We then pour this mixture into dies
(metal molds with the profile of plates or bars) and stretch the hot steel into a long bar.
After the steel cools, we end up with steel stock, which we can cut for shipping. The
mixture put into the furnace controls the properties of the steel stock. In general, the
more carbon the steel has the stronger it usually is. For instance, 1080 steel is stronger
than 1020 steel. Notice the last two digits of the label 1080; they show that there is more
carbon than in the 1020 steel. For more information on steel, please refer to the
Material Science chapter.
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Injection Molding

To make plastic forks, spoons and knives, engineers have developed plastic
molding machines and a process we call injection molding. While injection molding can
be used to make thousands of other parts, we'll use forks and spoons as an example here.
First, you start by melting plastic granules, turning them into "goo." The "goo" is then
injected by a screw mechanism into a die cavity (which has the shape of the fork, spoon
or knife, depending upon what you're making). Once it is in the die cavity, the part is
cooled and removed to make room for the next injection. One thing that you have to be
careful about is filling the die cavity completely; if you fail to do so, the fork will be
miss-shaped. Lastly, we inspect and package the part for shipping to the customer.
Casting

In simplistic terms, casting is nothing more than melting metal, pouring into a
cavity of your desired shape, and then letting it cool. The process of casting is very
similar to injection molding, only we pour the metal instead of injecting or squirting it.
What makes casting so amazing is that you can make a metal part by shaping a more
easily workable material. For example, we often use sand to make molds. If we want to
make a detailed metal part (like and engine block), we can manipulate a sand mold
(which is easier to shape than steel, of course) and pour our molten metal into it. Once it
cools, we have a metal version of our final part without the hassle of complex machining.
Deep Drawing

Deep drawing is a process we can use to form raw metal sheets into threedimensional parts. One of the most common uses of deep drawing is in making beverage
cans. We first start with a thin aluminum disc. Next, we have to secure the disc on its
sides in a press. Then, an arm pushes on the flat plate stretching it into a cylinder. The
top opening is then closed with an insert.
Forging

If you have ever seen medieval movies where a blacksmith is making a sword,
you have seen the process of forging. The blacksmith takes a stock of metal and heats it
up. Then using a hammer, he "forges" the sword into shape by pounding on it against the
anvil. We use the same idea when making crankshafts, tools, and many other parts,
except that instead of using a hand hammer we use large presses that serve the same
purpose. Forging cannot make highly detailed parts, but it does make extremely strong
parts.
Machining Parts

After we make steel, plastic or ceramic parts, we may need to machine the parts in
order to finalize the product for customer use. As we mentioned earlier, one of the
processes we can use to make parts is casting. While casting is great for creating
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complex details, sometimes the final surfaces may need to be smoothed or slightly
adjusted. We use chipmaking processes for these adjustments where we remove metal
by drilling, shaving, or grinding in order to finalize the part. Another example of
machining is putting the threads into a hole for screws or bolts. Machining is the most
expensive process in part production because it is often the most precise and requires the
most detail. The ultimate goal of a well-manufactured part is to produce it so it needs no
final machining before it is ready for use. If a part can go straight from the casting mold
to the shipping crate, you can save a large amount of time, money, and resources.
Welding

Welding is simply the process ofjoining two (usually metal, but not necessarily)
parts. There are different ways you can join or "weld" parts, depending on the
application, cost, and material. It is your decision to make which method you want to
use.

Summary ofSome Welding Types
Type

Description

Advantages

Disadvantages

Cheap, easy to
use, relatively

Imprecise, can
warp (deform)

strong

parts

where the electrode melts the

Clean, high
quality,

Expensive

metals. Uses filler metal

reliable weld

A common form of welding
Arc Welding

where a metal electrode is
fused onto surfaces due to an
electric arc.

Tungsten Inert Gas
(TIG)
Laser Welding

Resistance welding
(AKA: spot welding)

Tungsten gas forms a shield

Laser used in the joining
process

Electric charge is passed
through two usually thin
metals, melting them together

Precise

Cheap

Low

efficiency
Limited to
thin materials

Responsibility to the Society

I'm sure you've heard of people getting hurt over bad products; tires blowing up
on the highway, chairs breaking, police cruisers starting on fire after impact, and toys
containing lead. These are all situations where people have been hurt because of poor
design or poor manufacturing processes. So where do the engineers come in on all of
this? As engineers, we specify materials and the processes that create the parts. If we
specify the wrong material (weaker steel where stronger was required), or the wrong
process (casting where forging was needed) a user could be injured. That's why it's so
important that we have a proven safe design that meets all of the Federal requirements
before a product goes out for sale to the public. There have been cases in U.S. history
where companies have knowingly let problems remain out there because it was more
"cost efficient" to deal with lawsuits than to issue a recall. Although this makes sense
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financially for the short term, it raises moral issues that engineers are obligated to
address. Engineering is a field similar to medicine in one important respect. If you fail
to do your job properly as an engineer (make an unsafe design), people can be hurt or
killed just as if a doctor fails to do his job properly.
Summary

As Mechanical Engineers, we have to know the capabilities of the materials we
use and the plants that make them when we design a car, a motorcycle, a boat, or a
dishwasher. We also have to understand our customer's requirements. Do they want a
lightweight part, strong, weak, durable, recyclable, etc? After we know our goals, we can
balance what the customer needs with what we can provide. Knowing what we are
capable of producing (strong parts with forging, detailed parts with casting, or precision
joined parts with laser welding) is key to conducting business with our customer. As a
Mechanical Engineer, it is important for you to have respect for manufacturing. A design
is useless if you cannot produce it. Furthermore, being able to produce the part is not
your only goal; it needs to be safe, high quality, and affordable in order for you and your
company to succeed.
What You Should Have Learned

1. To make steel, we take iron ore, coal, and metal alloys and melt them in large
furnaces.

2. As Engineers, we specify materials and processes to create parts.
3. We have a responsibility to the society because if we make the wrong choices,
people can get hurt.
4. Manufacturing creates jobs and a better standard of living for the citizens of our
country.

5. Depending on the application, we can use resistance, TIG, arc, or laser welding to
join two parts.
6. Casting, forging and deep drawing are some of the processes we use to form
metals.

7. Injection molding is a process we can use to make plastic parts.
8. Machining is the final, most precise, and most expensive process used to finish a
part for use.
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Dynamics
Related Courses: Physics, Mechanism Analysis, and Internal Combustion Engines
Introduction

Dynamics is an extension of physics that deals with the motion of objects.
Dynamics has many common applications that we see every day. Take a race team for
example: They can use dynamics to calculate how fast the car is moving, the time it
takes to complete a lap, the friction forces on the tires and other information, which the
team can use to win a race. Another example of an everyday use of dynamics includes
forensic detectives. Whether they're investigating the bullet that came out of a gun, or
two cars that crashed into each other, dynamics can be used to solve mysteries.
Dynamics can be broken down into two major subtopics: kinematics and kinetics.
Kinematics is when we look at motion and pretend that forces (body, gravitational etc) do
not exist. On the other hand, kinetics, a more realistic approach to what we experience in
real life, considers motion as well as to the forces that act on us. Dynamics is a
sophomore or junior level class, taken after obtaining a strong background in physics and
calculus. Dynamics is one of the most important courses in mechanical engineering since
many other courses are based on its basic principles.
Key Concepts
•

Newton's Three Laws

•
•
•

Position, Velocity and Acceleration
Work and Energy
Impact and Momentum

•

Difference Between Kinematics and Kinetics

Terms

Acceleration - changing of velocity over time; think of "punching" the gas in
your vehicle; now you're accelerating. This is a vector quantity, meaning it has a
magnitude and a direction.
Coefficient of Friction - Friction is a force that restricts movement (works
against it.) The coefficient of friction is a measure of the friction. The higher the
coefficient the higher the friction force becomes.
Kinematics - is when we look at motion and DO NOT CONSIDER FORCES

(body, gravitational etc.)
Kinetics - is when we look at motion and CONSIDER FORCES that act on the

object (body, gravitational etc.); this is a more realistic approach to solving
problems.
Position - your location relative to a starting point; you start by choosing a
starting point, then an end point and measure the distance in between. This is a
vector quantity, meaning it has a magnitude and a direction.
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•

Vector Quantity - (reminder from Statics) is a graphical representation of a real
world motion, force, or measured variable; a vector has both a magnitude and a
direction.

•

Velocity - change of position over time; in your route from your house to school,
you are driving at "sixty miles per hour." That refers to your instantaneous
velocity. Average velocity is a little different because it averages all the velocities
from beginning to the end of your trip. This is a vector quantity, meaning it has a
magnitude and a direction.

Real Life Story

Spring is the baseball season, and you can't wait to start playing again. Believe it
or not, the things you learn in the classroom are just as useful on the field. Like many
other engineering classes, you can use dynamics to predict or explain pretty much how
every play is going to unfold, if you know some of the inputs. Start with the pitcher.
Depending on how hard he throws the ball, it will have some velocity (say 80 to 90 miles
per hour). Actually, if you know the release point of the ball, you can predict if it's going
to be a strike or a ball. Next, let's say the hitter makes good contact (concept of impact
and momentum), and launches the ball to the outfield at a certain distance. Again, you
can predict where the ball might end up or how far it's going to go, whether it will be a
home run or not. And what about the air? Are you more likely to hit a homerun in
Colorado or in Florida (think of air friction)? As you can see, we can use dynamics to
explain the entire game of baseball; from pitching to hitting and many other things in
between.
Kinetics versus Kinematics

In engineering, you need to think several times about what you are interested in
finding, and how you might find it before you start solving a problem. One of the things
you should be thinking about is how to make the problem simpler. Some people might
call this taking a shortcut, but it really is okay to sometimes neglect forces, masses,
temperature etc. This can be done as long as the simplified problem still represents the
real world situation. For example, say you are testing how fast a car can go from 0 to 60
miles per hour. There are many forces that can act against you in trying to slow down the
car. The wind could blow in the opposite direction of your movement, your tires could
slow you down if they're not properly inflated, and even the weight of the driver could
make a difference. But often times, we say that you can neglect the effect of forces
resisting your motion (since they are much smaller compared to the power coming from
your engine) and still obtain accurate results. Will it make a huge difference if one test
driver weighs in at 160 pounds and the other at 170? Probably not. If we neglect the
forces, then we are dealing with the field of kinematics. On the other hand, kinetics is
used when the forces are larger in magnitude and of specific concern.
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Newton's Laws

Before we begin to look at dynamics, we have to understand three laws that Isaac
Newton established. Everything that we know about the movement of things one way or
another comes, and can be explained from these three laws. Pay attention!
1.

Newton's First Law

If something is at rest, it will remain at rest. If there is a force that pushes
the mass for a short time, it will continue to move with a constant velocity
in the direction of the force until there is another force acting on it that
will cause it to do otherwise. In other words, if you have a ball and apply
no force to it, the ball will stay where it is. Now, if you took that same
ball and rolled it on the ground with some velocity, it should roll forever
with that velocity until some force stops it. We know that this does not
happen in the real world since there are other forces that act against the
ball's motion such as friction that will eventually cause the ball to stop. It
is important to realize, though, that some real life problems can be
accurately considered if you simply neglect friction forces and only deal
with the kinematics.
2.

Newton's Second Law

V

F -ma

This law states that to calculate a force we need to multiply the object's
mass times its acceleration. So what does that mean? Well, if you take a
ball (this is your mass) and drop it, it will accelerate. The measure of how
hard it hits the ground is the force. If it's a heavier ball, it will have a
higher force. If it accelerates faster (say if we threw it towards the
ground), it will also have a higher force. It's important to know that the
force "F" and the acceleration "a" are vector quantities; they have a
magnitude and a direction.
3. Newton's Third Law

"For every action there is an equal and opposite reaction."

If you push on a wall with your finger, the wall is pushing right back at you with
the same force (same magnitude, but opposite direction). When you sit on a chair, your
weight is pushing the chair down with 140 pounds (or whatever your weight is.) At the
same time, the chair (believe it or not) is exerting the same amount of force on you.
Since these forces are equal and opposite, you remain in static equilibrium (you're not
falling through or bouncing upward); but if you've ever seen anyone break a chair when
they sit on it, it was probably because they exerted more force on the chair than the chair
could push back. When this happens, static equilibrium is violated and the problem
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becomes dynamic. They win the battle of the forces, and their victory prize is a fall to the
floor.

Explaining Position, Velocity and Acceleration

You've probably seen the space shuttle take off from the Kennedy Space Center
in Florida on its trips to the International Space Station. Using its path, we can try and
put a face to position, velocity, and acceleration. Let's start with the position of the
spacecraft. We can call its starting point our reference. In other words, the distance we
measure will always be measured from the reference. Moreover, if after 10 minutes we
want to know how fast the shuttle is going, that is the instantaneous velocity. On the
other hand, the average velocity takes into account all the velocities from beginning to
end. So if at one point the shuttle was traveling at 1000 miles per hour, and another at
2000 and another at 3000, you would average the three values by taking the total distance
traveled from the reference and divide it by the time since it left. The acceleration has a
few more components that we need to discuss. Linear acceleration occurs when the
shuttle is picking up speed as it goes straight up. As the shuttle starts to orbit around the
earth (basically running circles around us), the total acceleration has two components:
tangential and normal. The tangential acceleration is the component in the direction of
the movement. The normal component is perpendicular to the direction of movement. It
points in the direction the shuttle is turning. If you were to picture a huge string with one
end attached to the center of the earth and the other to the shuttle, the normal component
is along the string, pointing from the shuttle towards the Earth.
Linear Acceleration

Linear
Acceleration

/\
z
Hill
Ground Reference (0,0,0)
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Tangential and Normal Acceleration
Tangential Acceleration

Work and Energy

Work and Energy equation with units ofForce*Distance (N-m orft-lb)
1

:

• — mv,

2
2 2 l
You hop on your skateboard and a friend gives you a push. Now that you are
moving, you and your skateboard have kinetic energy (energy ofmovement). At any
1

2

point of your movement, you can figure what your energy is using the formula —mv if
you know your mass (m) and your velocity (v). On the other hand, in engineering, work
means something different from what you know the word to be. Engineers quantify work
as the change in energy from point A to point B. For example, after your friend pushed
you on your skateboard, you know that 20 feet later you would slow down. This happens
because of the friction acting on your wheels. The work (we write it as U) done by
friction to slow you down is found by looking at the change in kinetic energy from point
1
2 1
1 to point 2 (U = —mv2
—mvx2 ). We also know that we cannot destroy energy. Rather,

we transformed the kinetic energy into heat because of the friction we have between the
wheels and the ground. It is also important to realize that if friction didn't exist, no work
would be done to slow you down. The key to work is the change in energy.
Impact and Momentum

When thinking of impact, car crashes often come to mind. But impact is not
limited to car crashes. It happens every day when we drop something on the floor, or
when we kick a soccer ball. Sometimes it's intentional, and sometimes it is not. But why
is impact important to us? One reason may be in solving a car crash scenario, involving
two cars. Let's say a car (Car 1) is stopped at a traffic light. Car 2 is approaching the
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light while the driver is talking on a cell phone, changing the radio station, and eating a
Big Mac. The driver of Car 2 doesn't see Car 1, and a collision occurs. The driver
swears to the officer to have been traveling at a safe speed, but didn't have enough time
to stop. With dynamics (the conservation of linear momentum equation), you could
easily figure out how fast Car 2 was going when it hit Car 1 if you knew how fast Car 1
was pushed after being hit.
Conservation oflinear momentum: assuming other externalforces are negligible

nijV, +m2v2 =m,vj + m2v2
(Note: velocity is a vector quantity; it has a magnitude and a direction.
You should also realize that the basis for all problem solving with impact and
momentum comes from Newton's three laws.

Summary

Dynamics is the study of movement. The basis of almost everything we do in
dynamics has its roots in one of Newton's three laws. As engineers we can use dynamics
to calculate and predict many engineering events; from the position, velocity and
acceleration of a piston inside an engine, to applications in missiles for national security.
You can use kinematics or kinetics depending on what you are trying to find. If you are
only interested in the motion (position, velocity, and acceleration), kinematics will
suffice. If you are concerned with the forces acting on your moving object, such as
friction, you have to use kinetics. As an engineer, you should know when to classify
things as "negligible" (relatively not important) to simplify your problem. Dynamics is a
sophomore/junior level class and requires a good understanding of physics and calculus.
What You Should Have Learned

1. Newton's First Law tells us that if something is at rest it will remain at rest. If we
push something, it will keep on going until something stops it.
2. Newton's Second Law tells us that force is required to accelerate any mass or

body. Yf = ma
3. Newton's Third Law tells us that "for every action there is an equal and opposite
reaction."

4.
5.
6.
7.
8.

Position deals with relative location. It is a vector quantity.
Velocity is the change of position over time. It is a vector quantity.
Acceleration is the change of velocity over time. It is a vector quantity.
Impact and momentum concepts are based on Newton's Laws.
In Kinematics, we study position, velocity, and acceleration without considering
forces.

9. In Kinetics, we include the effects of forces that act on the body.
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Mechanism Analysis
Related Courses: Dynamics, Physics, and Calculus
Introduction

In order to design machinery, you must have a good understanding of kinematics,
or the study of movement. Mechanism analysis is a topic that builds on the knowledge
gained in dynamics in order to analyze the position, velocity, and acceleration of a
mechanism. The field also examines the movement of gears and cams. Here, we'll
primarily focus on the analysis of three main types mechanisms: the Fourbar, the Slider
Crank, and the Inverted Slider Crank.

Engineers use these mechanisms to generate various types of motion. It's
important to know that a mechanism does not make power but only transmits it.
Furthermore, we as engineers can use simulation software, analytical (derived equations),
and graphical methods to get the position, velocity, or acceleration of any point on a
mechanism. In addition, mechanism analysis is only concerned with motion, and not
forces. Mechanism analysis is a junior/senior level course and requires prior knowledge
in physics, dynamics, and calculus.
Key Concepts
•

Kinematics versus Kinetics

•
•

The Difference Between a Mechanism, and a Structure
Fourbar, Slider Crank, and the Inverted Slider Mechanisms

•

The Basics of Position, Velocity and Acceleration

•

Gears and Cams

Terms

Acceleration - change of velocity with respect to time
Cam - a part we use to covert rotational motion to a back and forth motion
Deceleration - negative acceleration; when your car slows down
Degrees of freedom - how many different directions a mechanism may move; for
instance, a piston inside the engine has one degree of freedom (up or down) while
your arm can move in three different directions. (Therefore it has three degrees of
freedom.)
Gears - devices that transfer rotary motion; In a set of gears, the larger "gear" is
referred to as the gear
Instant Center of Velocity - When analyzing mechanisms graphically, it is a
point where two links have the same velocity with respect to it.
Kinematics - the study of position, velocity and acceleration (while ignoring the
effects of forces)
Mechanism - a device that transforms (but does not create) one type of motion to
another
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•
•
•
•

Position - the location of a part in a coordinate system
Pinion - in a set of gears, the smaller "gear" is refened to as the pinion
Velocity - change of position with respect to time
Working Model - software engineers can use to calculate the position,
acceleration and velocity of a mechanism

Real Life Story

After graduation you are offered a job at a seating company within their
mechanisms group. What this means is that you are responsible for the design of
mechanisms which will allow the rear seats of a minivan to do a number of things: fold
down flat against the floor, stow away completely into the floor, and fold in a way which
the entire seat can turn into a large bed. Since a mechanism does not make power, but
rather transmits it, you know that either a motor or a human being has to move the seat
around into its positions. Also, you know that for safety, the seat has to latch (or lock in
place) once it reaches a position. Within the mechanism there must be a combination of
cams, gears (with teeth) and maybe even springs in order to make the movement
possible. You also have to connect the mechanism to the seat itself, as well as to the
floor. This can be done through what we call links. A link can be as simple as a metal
tube or a bar that can do what the name says: link two parts. Position, velocity, and
acceleration are important aspects to keep in mind as you are designing the movement of
the seat, among other things. Position deals with the mechanism's ability to make the
seat move around or fold in the ways that we mentioned above. If this is motorized, you
are concerned with the velocity of the movement. Is it going to take seconds or hours to
fold the seat down? Lastly, should the mechanism have a smooth motion as it is folded,
or should it go slow, then fast, and then slow? You probably want it to have zero
acceleration and a constant velocity for a smooth folding operation. So as you can see,
this is one example where we need mechanisms to act as motion transmitting devices.
The possibilities of mechanism uses are endless, from analog watches, to a piston inside
your engine.
Position

The position of a body is its location in a coordinate system that we can arbitrarily
set. If we are dealing with linear motion (a car moving in a straight line) then we denote
position as "X" (meaning it's moving in the X direction). A rocket on the other hand
moves up and down; therefore its position is somewhere in the Z direction. If something
is rotating, then its position is denoted in radians or degrees in a circle. In radians, the
position could be anywhere from 0 to 2 n radians, whereas in degrees it can be anywhere
from 0 to 360 degrees. It is important to realize that position is always relative. Once
you set an origin point, your position is a measurement of how far away you have
traveled.
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A TypicalX, Y, Z Coordinate Plane

Velocity

Velocity is the time derivative of position. From calculus we know that
differentiating position with respect to time gives us velocity. Average velocity is how
much your position has changed in a given amount of time. For instance, if your car is
going 60 miles per hour, the change in distance is 60 miles while the change in time is 1
hour. The tires on the car, on the other hand, have an angular velocity. This is how many
revolutions the tire experiences per second.
Acceleration

Acceleration by definition is velocity change per unit of time. We have all
experienced acceleration when we drive. For instance, as the car speeds up from 0 to 60
miles per hour, you are accelerating the whole way. If you drive at 50 miles per hour for
a few minutes before getting to 60, then for those few minutes your acceleration in zero.
In other words your velocity is not changing with respect to time. Now if you are
slowing down, your acceleration is negative, and we refer to it as deceleration. When
we have rotational acceleration, it is called angular acceleration and denote it with the
Greek symbol of alpha (a ).
Degrees ofFreedom

Before we can begin to analyze a mechanism, sometimes we have to determine its
degrees of freedom. A bridge, for example, has zero degrees of freedom, and therefore
it is not a mechanism, but rather a fixed structure. Any combination of links that is
determined to have a positive number of degrees of freedom (1, 2, 3 etc), is classified as a
mechanism. It is important to realize that degrees of freedom define in how many
directions an object can move.
Fourbar Mechanisms

The picture below shows what a fourbar mechanism looks like. You're probably
wondering why we call it a fourbar when all you can see is three bars (2, 3, and 4).
Actually, we consider link 1 is to be the ground (stationary mounting surface), which
connects links 2 and 4.
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TypicalFourbar Mechanism

3

2

How does it work? Let's examine a familiar fourbar mechanism to see where we

can apply such mechanisms: A person pedaling a bike!

A Real LifeFourbarMechanism - A Person Pedaling a Bike

As you can see in this example, link 2 is
the metal crank/pedal combination. The
shinbone is link 3, while thighbone is
link 4. The "ground" in this case is the
bicycle frame connecting the
hip/thighbone joint to the crank.

Slider Crank Mechanisms

We find the most commonuse of a slider crank mechanism in today's internal
combustion engines. There are two ways we can put the slider crank mechanism into

motion. One is if we move the pistonend of it (usually by somecombustion or change in
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pressure). The other is setting the crank in motion, by putting a motor or another device
to produce rotational movement.
Let's examine this from an internal combustion engine's configuration. The
piston in this case is the slider, while the "ground" is the cylinder wall. The link
connected to the piston is the piston connecting rod. As the piston moves (side to side or
up and down, depending on the layout), the connecting rod and crank assembly transform
the linear motion into rotational motion, which powers your wheels.
A Typical Slider CrankMechanism

CRANK

GROUND

Inverted Slider Crank Mechanisms

The inverted slider crank mechanism uses the same principle that a slider crank
uses. The slider (shown as a block) slides back and fourth on the long link. This
mechanism provides a unique type of motion not normally seen every day.
The Inverted Slider Crank Mechanism

Methods ofAnalysis

There are three methods we use to analyze these types of mechanisms. The first
method is graphical. To use graphical analysis, we draw a scale model of the mechanism
with the given geometry. We then add vectors to represent the velocity and acceleration

inputs. We use instant centers to determine the velocities along the links by transferring
vectors. We also use vector transfer methods to determine the accelerations of each link.

The next method for analysis is called the analytical solution. Using each
mechanism's geometry along with vector calculus, we can derive equations for the
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position, velocity, and acceleration of each mechanism. These equations can be found in
any mechanism analysis text.
We can also use software to solve problems. Working Model is a software
students use to simulate mechanism movements. The software is another way to provide
position, velocity, and acceleration information for any mechanism you construct.
Gears

Gears are components that we use to create a desired power and speed output. By
controlling the size of the gears used, you can either speed up or slow down a rotation.
At the point of contact between gears, each gear moves at the same speed (tangential
velocity). If this didn't happen, the teeth of the gears would break. Mechanical
advantage is also important when analyzing gears. When you use gears to reduce the
speed of a rotation, you also magnify the torque. This tradeoff is the same as with simple
levers; to lift a heavier load, you would use a long lever arm. You have to move the lever
arm further, but the lifting power is multiplied. Gears operate on this same principle, but
in a rotational manner. We use gears in a variety of applications from the watch on your
wrist to the transmission on your car.
Example

Take a look at a mountain bike and its gearing system (assuming a single gear in
the front and 5 gears in the rear). If you are going up a hill, you want the most torque
delivered to your wheel so that you can make it up. Your setting would be the biggest
gear in the rear. This gives you low speed and high torque. Your feet may have to pedal
further (more revolutions), but you will have the torque necessary to make it up the hill.
Now let's say you want to go faster once you reach a flat road, where obviously you
don't need as much torque to move forward. The setting you want is for low torque and
high angular velocity. To achieve this, you set the back gear to the smallest radius. As
you can see, we can manipulate gears to achieve low torque and high velocity or vice
versa as needed.

High-Torque, Low-Speed Configuration

Largest Gear in
the Rear
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Low Torque, High Speed Configuration

Smallest Gear in
the Rear

Simple Gear Trains

This type of gear train refers to a pinion (the small gear) and a gear (the large
gear) in contact where one moves the other. To control the desired speed and torque
output, you can use different size pinions and gears.
Pinion and Gear Assembly

Gear
Pinion

Planetary Gear Trains

Planetary gear trains are what we use in automatic automobile transmissions. We
call it a planetary gear system because the configuration resembles the planets revolving
around the sun: gears rotating around a central gear (the sun). The planetary gear system
is complex, but allows for large mechanical advantages while fitting into a small space.
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A Planetary Gear System, With an Arm, Sun, Planet, and Ring Gear
Arm: takes the

planet gear around
the sun

Ring
Gear

Sun Gear

Planet Gear

Cams

The best way to picture a cam is to think of the shape of a pear. As we spin the
cam around, its profile, fatter on one end and skinnier on the other, will obviously push
whatever it is contacting at different lengths. A very common use of cams is in your
engine where the cam profile pushes the valves in to let fuel and air into the cylinder. As
the pointed end of the cam touches the ends of the valves, they open; as the shorter end
comes into contact, the valves close.

Picture ofa Cam

Summary

A mechanism is a device that transforms one type of motion to another. An
important point to remember is that mechanisms do not create power; they only transmit
it (like a middleman). On one side of the mechanism there will be an input (usually a
motor or a crank) and on the other side there will be an output. The key here is that we
are viewing the mechanisms from a kinematics point of view and are therefore not
concerned with forces acting on the links. Mechanism analysis deals with three aspects
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of kinematics: position (where points are located), velocity (how fast a point is moving),
and acceleration (how the velocity is changing with respect to time). We use analytical
(equations), graphical (drawing vectors), or computer programs to solve for position,
velocity and acceleration in a fourbar, slider crank, or inverted slider crank. As
engineers, we also deal with mechanisms such as gears and cams, and manipulate them to
get a desired output.
What You Should Have Learned

1. A mechanism can move (like the pistons inside your engine), while a structure
does not move (like a bridge).
2. You should be able to identify and recognize applications for a fourbar, slider
crank, and an inverted slider crank mechanism.

3. Position is the distance from a set origin; velocity is a measure of how far position
has changed over time, while the acceleration is a measure of how fast a velocity
is changing with time.
4. Gears are components engineers use to manipulate mechanical advantage in
rotary systems; high torque with low velocity, or low torque and high velocity.
5. In Kinematics we study position, velocity, and acceleration without considering
outside forces.
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Internal Combustion Engines
Related Courses: Physics, Thermodynamics, Dynamics, and Calculus
Introduction

In internal combustion engines, we are concerned with three main types of engine
cycles used today. The most common is the Otto Cycle, followed by the Diesel Cycle
engine, and lastly the Brayton Cycle. The "cycle" is simply the thermodynamic
procedure the engines go through from the time the fuel is put in the engine to the time it
exhausts. Each engine has its unique characteristics and ideal applications.
Understanding internal combustion engines requires prior background in thermodynamics
and dynamics. The material taught is for senior level students.
Key Concepts

•
•
•
•
•

Otto Cycle
Diesel Cycle
Brayton Cycle
The Difference Between Torque, Horsepower and Thrust
Methods of Boosting Engine Performance

Terms

Air-fuel ratio - For optimum combustion and power, engines need the correct
amount of air to fuel mixture; for gasoline engines this ratio is 14.7 (air) to 1
(gas).
Brayton Cycle - Thermodynamic cycle most commonly used in Jet engines;
typically uses kerosene as its fuel.
Compression ratio - how much the fuel is being compacted inside the cylinder
Diesel Cycle - Thermodynamic cycle most commonly used in semi trucks; uses
diesel as its fuel.

Horsepower - A measure of the amount of power (work over time) the engine is
capable of producing; one horsepower is equal to 33,000 pound-feet per minute.
Hybrid engine - one that uses two different sources of energy
Otto Cycle - Thermodynamic cycle (the process the pistons go through) used by
the majority of gasoline engines.
Torque - twisting power of the engine, measured in Newton-meters (N-m) or
foot-pounds (ft-lb)
Thrust - how we measure the power of a Brayton Cycle engine (airplane engine);
it has units of force: Newton's or pounds.
Volume swept (Vs) - The volume that a single piston stroke covers in the

cylinder, measured in centimeters (cc) or liters (L).
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•

Volume displaced (V d) - the volume swept times the number of cylinders; the
volume is measured in cubic centimeters (cc) or liters (L)

Real Life Story

If you are a car buff, one of the first things you will always ask someone about
their car is, "So, what kind of an engine do you have in there?" Your friend can have any
number of responses, from a 1.6 Liter inline four, if they have a Honda Civic, to a 3.0
Liter V6 for a Nissan Maxima, a 4.2 liter inline 6 for a Chevrolet Trailblazer, a 5.7 Liter
V8 for a "Hemi" Chrysler 300C, and a W12, if your friend hit the lotto and can afford a
Volkswagen Phaeton. But wait! There is more. He can have a Subaru Impreza WRX
2.0 Liter with a turbocharged flat four, and we haven't even begun to talk about the many
diesels and hybrids. You get the point. These are all internal combustion (IC) engines,
and some (the hybrids) are combinations of electric motors and an IC engine. It's
obvious that an engine comes in all sizes (1.6L, 3.0L, 5.7L etc.) and orientations: Inline
where pistons are lined up along the same line, Vwhere the piston arrangement makes a
V, Wwhich resembles the V arrangement but at a smaller angle, or the flat {boxer) which
engine has horizontally opposed pistons.
Now that you know about the arrangement of vehicle engines, understand that all
of them go through the same thermodynamic principles to create power: the intake stroke,
the compression stroke, the power stroke, and the exhaust stroke. (We'll talk more in
depth later about these concepts.) We should also point out that the output of the engine
is measured in horsepower and torque.
What we just described dealt with the Otto and Diesel Cycles. But if you've ever
flown in a Jet, the plane was moved by a turbine engine that runs on the Brayton
thermodynamic Cycle. A jet engine moves the airplane by means of thrust, where the
air comes in at one end of the engine and flows out the other end at a higher temperature
and velocity.

Inline 4 Engine Configuration

Piston

Connection to Transmission

Piston Connecting Rod

Crankshaft
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V6 Engine Configuration

Cylinder

Spark Plug

Piston

The Otto Cycle

The Otto Cycle is the most common type of a thermodynamic cycle used in an
internal combustion engine. There are two subtypes of this engine, the two-stroke and
the four-stroke cycle. The strokes refer to the amount of processes that occur for the
engine to produce work. For instance, in the four-stroke cycle, the engine must first open
the valves and receive a mixed air-fuel charge (intake stroke; the air to fuel ratio for a
gasoline engine is typically 14.7 air to 1 gas.) In the next stroke, known as the
compression stroke, the cylinder moves up and compresses the charge while it is ignited.
After compression is the power stroke where the air-fuel explosion forces the piston
down. Lastly, the cylinder goes back up, and another set of valves open up (the exhaust
valves), releasing the exhaust of the burned charge. The whole goal of the piston moving
up and down is to rotate the crankshaft of the engine. As you can see, in order to achieve
one power crank, the engine must experience four different events. On the other hand,
snowmobiles, chainsaws and weedwackers benefit from a two-stroke (or cycle) engine.
In a two-cycle engine, the location of the intake and exhaust valves allow the cylinder to
be filled with fresh air-fuel charge at the same time as it is exhausting the burned gasses.
As a result, theoretically two stroke Otto Cycle engines can do twice the work.
So why isn't everything we use a two stroke cycle engine? The biggest reason is
pollution. Two stroke engines not only burn more oil than four stroke cycle engines, but
they do not burn the gasoline in cylinders as well as the four stroke engines do. As a
result, the unburned fuel leaves the engine as pollution. This wasted fuel also reduces the
efficiency of the engine.
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Typical Two-Stroke Engine Layout

Piston

Intake: Air,
Fuel, Oil

In the four-stroke Otto Cycle (the engine in almost every car in the United States),
there are certain design elements that each engine shares. The volume of the combustion
chamber Vcc is the volume where the charge is combusted after it is compressed by the

cylinder in the compression stroke. Volume swept (Vs) of the cylinder refers to the
volume that the face of the piston works within. This is also defined as the area of the
bore times the stroke. This volume is on a per cylinder basis; so multiplying this by the

total cylinders in the vehicle gives the total volume displaced (Vd).
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Schematic of Volume Displacedfor One Cylinder

Bore

Diameter
Stroke

Example

If a piston's bore is 100 mm in diameter, and the stroke is 80 mm, what is the total
displacement in this eight-cylinder engine?

Vd = Area of bore surface (« piston face surface) times the stroke times the number of
cylinders
liters
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Vd =-*(.lm)2 *Mm*Scyl = .005027m3 *1000—-{- = 5.021liters.
4

\m

As we can see, this is about the size of a Mustang V8 Engine.
The Diesel Cycle

The Diesel Cycle differs from the Otto Cycle in that a diesel engine does not need
a spark plug to ignite the charge (air-fuel mixture). Instead, in the Diesel Cycle, the high
compression of the charge causes the diesel fuel to self ignite. There are inherent
problems with diesels, such as starting in cold weather, and producing more pollution.
Generally, diesels produce less horsepower than Otto Cycle engines per unit
displacement. On the other hand, diesel engines are more efficient; thus vehicles get
better fuel economy.
The Diesel Cycle like the Otto Cycle undergoes four thermodynamic states:
• Intake: first the diesel air-fuel mixture enters the cylinder as the cylinder
travels downward

•

Compression: next the charge is compressed while the piston travels upward.
The high compression causes the fuel to self ignite.
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•
•

Power: the explosion of the air/fuel mixture forces the piston downward
providing power to the crank.
Exhaust: finally, the exhaust valves are opened and the burned gasses are
forced out while the cylinder moves upward.

The Diesel Cycle can experience compression ratios (the amount the fuel is
squeezed inside the cylinder) ranging from 16:1 to 24:1. These are much higher than the
Otto Cycle normally experiences. Such high compression ratios increase their efficiency;
this is why diesel engines generally get higher mileage per gallon.
The Brayton Cycle

In order to understand how the Brayton Cycle works, we need to realize that the
laws of thermodynamics tell us that air will always move from high to low pressure. This
is not only true for the water pipes in your home, but also in the chambers of gas turbines.
A turbine is simply a fan with several stages of blades, which rotate and produce work.
As a fluid moves from one end (high pressure) to the other end (low pressure), it forces
through the fan blades causing them to rotate. In the Brayton Cycle, a compressor at the
front of the engine sucks air into the engine. Then the air is mixed with the fuel and
ignited in the combustion chamber. The ignition creates high pressures, causing the air
and exhaust to move toward the end of the turbine. As the high-pressure gasses are
forced out of the engine, the exhaust causes the turbine to spin. The gasses then exit the
engine at a much higher speed and pressure than the air at the beginning of the process
creating, thrust. The thrust power coming out the back of the engine forces the plane
forward.
Note:

While we mention a Brayton Cycle engine as an internal combustion engine, some
engineers, particularly Aeronautical Engineers refer to it as an external combustion
engine.
Torque vs. Horsepower vs. Thrust

You always hear people talking about how their car puts out 300 horsepower and
300 foot-pounds of torque. What are they talking about exactly? Torque refers to the
twisting power of the engine. Horsepower refers to work the engine can do over time.
Another way to look at horsepower is the engine's ability to rev quickly, and therefore
transfer power to the wheels. An engine can be configured to produce high horsepower
and low torque and vice versa. For instance, a rotary powered Mazda RX8 engine has
low torque because of its small displacement, but it has very high horsepower and can rev
up to 9000 RPM. On the other hand, a truck may have higher torque necessary for
towing, and less horsepower. We measure horsepower and torque on a Dynamometer,
where the vehicle's wheels are placed on Dynamometer rollers as the engine is revved
up. The Dynamometer puts a load on the engine (it resists the wheels that are spinning),
and it actually calculates the torque output of the wheels. Computers then calculate the
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horsepower of the engine based on the torque reading by taking into consideration the
RPM of the motor.

Torque =

5252 * Horsepower
RPM

The formula above shows us how to we can convert Horsepower to Torque or
vice versa if we knew one of the variables, and the engine's revolutions per minute
(RPM).
On the other hand, thrust is how we characterize the power of a Brayton Cycle
engine. Since Brayton Cycle engines are used mostly in airplanes, it's not logical to use
traditional quantities (horsepower) as a measure of performance. Thrust is best thought
of as "pushing off something." The engines that are attached to the airplanes are pushing
off the air to move forward. As a result of this, we are primarily concemed with the force
the engine can push with instead of the rotational power. Therefore, thrust is measured in
either pound-force or Newtons.
How Turbos Work

Turbos are nothing more than turbines connected to an air compressor in order to
increase airflow and the power of the engine. As the exhaust moves across the turbo
blades, the blades spin. This spinning motion is then transferred to a fan that blows air
into the motor.

In a turbo, the process starts after the engine exhausts the burned fuel. Instead of
simply getting rid of all that exhaust through the tailpipe, the exhaust fumes are used to
spin the turbo as they travel towards the tailpipe. These spinning blades are directly
linked to a compressor, whose sole job is to "compress" or take in air and pack it very
tightly into the cylinder. Quite simply, turbos do nothing more than cram more air into
the engine (which is later joined by more fuel), and therefore you make more power than
you would have otherwise. In sum:
• The engine exhausts the burned fuel
• The exhaust fumes are used to spin the turbo
• The spinning blades are directly linked to a compressor, making it spin as well
• The compressor takes more air in and crams it into the cylinder
• The additional air is burned with additional fuel resulting in more power
How Superchargers Work

Superchargers use the same philosophy as a turbo to make power: cram more air
(which is matched with more fuel) into the cylinder. The main difference is that the
compressor (which takes the air in) in a turbo is powered by the exhaust fumes, whereas
in a supercharger a belt powers it. If you've looked under your hood, you've seen a
serpentine belt, which powers the water pump, alternator etc. Superchargers use the
rotating belt to spin the fan blades that force air into the engine.
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How Hybrids Work

When you think of the word hybrid, it's not unusual to automatically think of the
Toyota Prius or the Honda Insight. You would not be wrong. You would be wrong,
however, if you thought that hybrids only applied to cars. As a matter of fact, the word
hybrid in this chapter means combination of any two methods of propulsion. For
example, some boats can be considered hybrids since they use a diesel motor and wind
power to move. Submarines are nuclear electric hybrids or diesel electric hybrids.
Obviously, in the automotive field, the most feasible type of hybrid is a gas electric
combination. The reason why these cars are so efficient and can get almost twice the gas
mileage of non-hybrid cars has to do with the way they use their fuel. For example, at
lower speeds the hybrid car can run on its electric motor (which does not pollute), while
the gasoline engine only kicks in at higher speeds. This way you are not wasting fuel if
you are stuck idling in traffic. Another cool feature in hybrid cars is their ability to
recharge their batteries and capture energy through regenerative breaking. As you break,
some of that energy is turned into electricity (by the spinning wheels) instead ofjust
wasting it as heat as conventional brakes do. There are many other aspects, from material
choices inside the engine to the computer programs that make hybrid engines among the
most complicated and efficient creations in today's vehicles.
Summary

Internal combustion engines are literally the driving force that moves us from
point A to point B in America. They have come a long way from the days when Henry

Ford was mass-producing his model T in the beginning ofthe 20th century. Today
engines are very advanced, and come in all shapes and sizes. To meet our needs,
Mechanical Engineers have always sought to develop ways to make more horsepower
and torque from these power plants. However, as we realize that oil supplies cannot last
forever, it's very important for engineers to not only improve performance, but to
improve fuel consumption as well. It is important as an Engineer to understand IC engine
technology not only to deal with the cwrent technology, but also to develop the next fuel
or next engine which can power us for another 100 years.
What You Should Have Learned

1. The Otto Cycle is what a conventional gasoline engine runs on. It is used in twostroke (weedwackers) or a four-stroke (car engines) configurations. We use a
spark plug to ignite the air-fuel mixture.
2. The Diesel Cycle engine is what powers semi-trucks. Diesels provide high torque
output. The diesel fuel self ignites due to the high compression it experiences
inside the cylinder. Diesel engines are more efficient than Otto engines due to the
higher compression ratios.
3. The Brayton Cycle is what Jet engines run on. It operates on the idea that air will
always flow from high pressure to low pressure. As the fast moving, higherpressure air is forced out of the engine, it creates thrust moving the airplane
forward.
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4. Horsepower is the engine's ability to do work over time. You'll usually find your
maximum horsepower at very high RPM.
5. Torque is the engine's twisting ability, and is measured in N-m or lb-ft.
6. Thrust is the force that pushes an airplane.
7. Turbos and superchargers increase the performance of your engine by putting
more fuel into a cylinder.
8. Hybrid engines use two different sources of power.
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Thermodynamics
Related Courses: Physics, Chemistry, Heat Transfer, IC Engines, and Design of Thermal
Systems
Introduction

One area that Engineers spend a good deal of time studying is energy. In physics
courses you learn about kinetic and potential energy. In chemistry, you learn about the
energy stored in molecular bonds. In thermodynamics, you combine the previous
information and add the ideas of heat and internal energy. Thermodynamics is a
powerful subject because it teaches you how to handle an entire realm of real world
systems; you learn the fundamentals of engines which power your car, turbines that make
your electricity, and even air conditioners that keep you cool in the summer. You will
take your first thermodynamics course in your second or third year of engineering school,
and take advanced courses during your third or fourth year.
Key Concepts

Temperature
Internal Energy (U)
Enthalpy (H)
Reversible Processes

The Conservation of Energy Principle
Energy Flow
Entropy
Thermodynamic Devices
Terms

Conservation of Energy - the concept in which no energy is lost or gained, only
transformed from one form to another

Energy Flow - The direction in which energy moves; the Second Law of
Thermodynamics states that energy will always move from a hot to cold.
Enthalpy - a combination property that includes internal energy, pressure, and
volume of a substance

Entropy - a property that measures how much chaos exists in a state
Internal Energy - the energy associated with the state of a substance
Reversibility - The ability of a cycle to take a substance to a different state and
return it back to its original state with out loosing any energy.
Thermodynamic Device - A mechanism or machine that manipulates the state of
a substance for a desired result. Examples include: nozzles, diffusers, turbines,
compressors, throttling valves, mixing chambers, and heat exchangers.

81

Introduction to Mechanical Engineering©

Real Life Story

You just moved into your first new apartment off campus at college. Your TV is
set up, your clothes are hung, and your bed is made. There is only one problem, though.
It's HOT! Unfortunately, your apartment, like many, does not have central air. (That's
what you get for finding the cheapest rent around town.) Your roommates and you have
agreed to buy window air conditioners, though, to ease your suffering. Unfortunately,
there are a million different options out there for you to choose from. Luckily, as an
engineering student who knows about thermodynamics, you can figure out how much
power you will really need to keep your apartment cool. By cracking your thermo book
and figuring out the average amount of heat you need to remove, you can easily select the
right units for your apartment. Now that it is cool in your apartment, it's time to party!
Temperature and Internal Energy

For many, the first concept that comes to mind when asked what the word
thermodynamics means is temperature. While thermodynamics does involve the property
of temperature, there are many other properties involved as well. Internal energy is the
most basic of these. Anyone who has studied chemistry has been taught that atoms are
bonded together and that energy is stored in the chemical bond. On a slightly higher
level, there is also energy available in the molecular motion of bonded atoms. There is
energy because the molecules move around relative to each other. The total of the atomic
energy and the molecular energy is called the internal energy and is symbolized by the
letter U. Going back to the subject of temperature, it is important to realize that internal
energy is directly related to the material's temperature. For example, if a glass of water is
at 15 degrees Celsius, it has about 3.9 kilojoules of energy. If that glass of water was left
in the sun and heated to thirty degrees Celsius, it would then have about 7.8 kilojoules of
energy. Temperature is not the only property that changes the internal molecular energy.
If the same glass of water were pressurized instead of heated by the sun, the internal
energy would also increase. Imagine the glass of water as a container filled with ping-

pong balls; one ball for each molecule ofH20. In its natural state, these balls would be
moving slowly relative to each other gently bouncing off one another. Their speed
combined with the bond energy can be seen as the internal energy U. If the container was
heated up, or pressurized, or both, the ping-pong balls would have to move about faster
causing more collisions, and the total internal energy in the glass of water would be
greater.
Enthalpy, Reversibility, and the First Law of Thermodynamics

With the basic knowledge about internal energy, and using the ideal gas law
(PV = nRT), we can analyze many simple systems. As you become more skilled and try
to analyze complex systems such as refrigeration and power generation cycles, we use an
additional property to aid in calculations. The property of Enthalpy (H) is defined and is
given by the following equation:
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H = U + PV In Kilojoules
H— Enthalpy
P= Pressure

V— Volume

Since the internal energy U is dependant upon temperature, it is easy to see from
the equation that the enthalpy H will be dependant upon temperature as well. It is
important to realize at this point that both internal energy U and enthalpy H can be
considered as reversible properties. If no energy is lost to the surroundings of a system
(we call this process adiabatic and physically achieve it with good insulation), either the
U or H can be taken back by some physical means, allowing a return to the original state.
Reversible processes are really an ideal assumption, since in the real world there are
always slight energy losses. The idea of reversible processes may seem a bit confusing,
but let's break it down with a basic example. If you had a piston, like a small syringe
capped at the end and filled with air (A), you could compress the air by pushing down on
the piston. The energy you added to the air by compressing the piston is stored as
pressure (B). If you allowed the air to expand, pushing the piston back out, the system
would be restored to its original state, and the energy you added could be taken right back
(C). Since no energy was lost, and the air returned to its original state, the process can be
called reversible.

Schematic ofReversible Process
B

With these two properties and the concept of reversible processes, the first law of
thermodynamics can be used. The First Law of Thermodynamics is called, "The
Conservation of Energy Principle," and states that energy cannot be created or
destroyed, only transformed. What this means is that energy does not simply disappear.
Consider a glass of hot water heated by a stove. As you let the glass cool, energy is lost
to the swroundings and lost to your hand if you are holding it. While the glass is cooled,
the energy in the glass decreases. The energy may no longer be in the glass of water, but
it wasn't destroyed. Instead, it was merely lost heating up the air in the room, warming
your hand, and through the process of evaporation. Furthermore, the stove didn't create
any energy to heat the water. It is not a magical device. It simply transformed the energy
stored in the gas molecules piped into your house by burning it with oxygen to create
heat.

Knowing that energy can only be transformed, we can use an energy balance
equation to account for all the changes in energy as a process happens. This equation
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allows engineers to account for every type of measurable energy. Using the First Law of
Thermodynamics, let's take a look at an equation commonly used as the energy balance:
^ Start + &Added ~ ^ End
1

2

1

2

Qm+Hl+-mV1 + mgZx = H2+-mV2 + mgZ2
Where QIN is the heat added to the system

If work was done on the system (by a pump, for example), then a Wm term is
added to the left hand side. It is also important to realize that if heat or work is removed,
the work or heat terms are simply moved to the other side of the equation.
Looking at the energy balance, we realize that work or heat can be added or
removed. The second law of thermodynamics leads to the discussion of energy flow.
Energy Flow and the Second Law of Thermodynamics

The second law of thermodynamics states that energy will always decrease in
quality. What this means on a basic level is that heat will always transfer from a hot
body to a cold one. Also, thermodynamic processes will only occur in certain directions
and that ideal reversible processes are only theoretical. We make several ideal
assumptions that allow us to treat a process as nearly reversible. Energy will always be
lost to the surroundings. When heating water on a stove, you also heat the air around the
container. No matter how well you insulate a system, some losses will occur in the real
world. The second law of thermodynamics tells us that since heat will only flow in the
direction of decreasing quality that irreversibilities will always exist.
Entropy

The third and final material property of thermodynamics is more complicated and
takes practice with thermodynamics to fully understand. It is important to recognize that
the third property is not reversible by any physical means as the previous two were.
Entropy is defined by the amount of heat energy divided by the surrounding temperature
and given the letter S:
T

Entropy accounts for all of the irreversibilities that must occur in a
thermodynamic process in order for the second law of thermodynamics to be satisfied. If
the total quality of energy in a process must decrease, the property of entropy gives us the
ability to account for the decrease in the quality of available energy. If we go back to
look at a reversible process, the total change in entropy is zero.
From this point, we can use the three properties and the first two laws of
thermodynamics to analyze several common physical thermodynamic devices.
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Nozzles and Diffusers

Nozzles are devices that increase the output velocity by decreasing the output
pressure. A diffuser is the direct opposite and decreases the velocity while increasing the
pressure. The equation governing nozzles and diffusers is:

H+^1 2 = H22 +
This equation stems from conservation of energy principle. From the equation it
can be seen that a nozzle or diffuser slows down or speeds up a gas by changing the
pressure (which in turn changes the enthalpy H). When you put your thumb over the end
of a hose, you are forming a crude nozzle. By decreasing the outlet area, your thumb
changes the pressure from the hose into increased velocity of the water.
Schematic ofa Nozzle

P2
V2

Turbines and Compressors

Turbines and Compressors are very similar to nozzles and diffusers. They are
different, however, because they either add or subtract work from the flowing substance
with some sort of mechanical device. The equations for turbines and compressors are
very similar to nozzles and diffusers:
Turbine

V2

H.+-*1 2 = H22 +

+w,OUT

Compressor
V2
V2
Hl+-^+WIN=H2+^-

The outlet of a turbine would likely have very low energy, while the outlet of a
compressor would likely have very high energy. These equations are similar to the
nozzle and diffuser equations, and also stem from the Conservation of Energy principle.
An air compressor takes work from an electrical motor to create high-pressure air for
your tire. In power plants, there are large turbines that take the heat energy and high

85

Introductionto Mechanical Engineering©

pressure from steam heated with coal and converts it to mechanical rotation to turn a
generator. When analyzing a turbine or compressor, they are considered reversible
processes; that is, if you instead applied work to a turbine shaft, it would be a
compressor.

Schematic ofa Turbine

Throttling Valves

A throttling valve is used to cause a sudden change in pressure. The change in
pressure is matched with a change in temperature. The governing equation used for
throttling valves stems from the fact that no energy is removed during throttling. It is
relatively simple:

This equation is also based on the Conservation of Energy principle. Throttling
valves are very simple devices and can be found commonly in refrigeration systems. By
drastically and suddenly decreasing the temperature of a fluid by altering the pressure, the
cold temperature can be achieved.
Mixing Chambers

We use mixing chambers to combine two or more flowing fluids or gasses into a
third. The First Law of Thermodynamics is used to analyze mixing chambers combined
with the basic premise that whatflows in mustflow out. From these laws, there are two
rules governing mixing chambers:
This rule shows that the enthalpyflowing in must be equal to the enthalpy at the end.
mx +m2 = m3

This rule shows that the total massflowing in must equal the massflowing out.
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An example of a mixing chamber can be found in the exhaust of an automobile.
Each cylinder outputs to a tube, which is combined by a manifold into a single exhaust
outlet. The total enthalpy at the tailpipe is merely the enthalpy of each cylinder's exhaust
added together, and the total amount of exhaust is equal to the exhaust from each
cylinder.
Schematic ofa Mixing Chamber

Heat Exchangers

A heat exchanger is very similar to a mixing chamber in that the total enthalpy out
must be equal to the total enthalpy in. However, the two fluids are not allowed to mix
together. The equations for a heat exchanger are as follows:
Hj + H3 = H2 + H4
This rule shows that the enthalpyflowing in must be equal to the enthalpy at the end.
mx-m 2

and m3 = m4
These rules show that the massflowing into inlet 1 must equal to the massflowing out of
outlet, 2 and the massflowing into inlet 3 must equal to the massflowing out ofoutlet 4
since the twofluids cannot mix.
A common example of a heat exchanger can once again be found on an
automobile and is called the radiator. The engine's hot water flows in the top of the
radiator and flows out of the bottom colder to go back into the engine. Air flows in the
front of the car and blows across the radiator's fins to cool the water and then blows past
the car as it moves forward. The two fluids do not mix (of course, since that would mean
a leak!) but the enthalpy of the hot water is transferred to the air to cool the engine.
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Schematic ofa Heat Exchanger

Summary

Thermodynamics is a very powerful area of study since almost any system has
some change in temperature, pressure, or internal energy. It is hard for an engineer to
look at a system without seeing some sort of thermodynamic process. The areas of fluid
mechanics and heat transfer use many thermodynamic concepts as their basis, however,
focus on much more isolated areas. Any engineer must be competent in thermodynamics
since it is such a broad area of study. From these basic topics and physical devices,
complex systems can be built to achieve a vast quantity of tasks. As with any course in
engineering, the ultimate goal is to be able to further explain the crazy world around us.
Thermodynamics lays the foundation to handle any system that deals with heat and
energy of a substance. Later courses build on this foundation to further explain specific
situations and systems.
What You Should Have Learned
1.

Internal energy is the sum of molecular bond energy between atoms in
molecules and the molecular kinetic energy. Internal energy increases with
temperature.

Enthalpy takes into consideration velocity and pressure as well as internal
energy.
3.

5.
6.

The First Law of Thermodynamics states that energy is never created or
destroyed, only changed.
The Second Law of Thermodynamics tells us that processes only occur in the
direction of decreasing quality.
The property of entropy gives us the ability to quantify the decrease in quality.
There are specific governing equations for each simple thermodynamic
device.
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Heat Transfer

Related Courses: Fluid Mechanics, Calculus, Thermodynamics, and Design ofThermal
Systems
Introduction

The study of heat transfer deals with the transfer of thermal energy or heat. Heat
transfer occurs every time there is a temperature difference. The Second Law of
Thermodynamics tells us that thermal energy always flows from high temperature to low
temperature. Heat transfer is a branch of applied thermodynamics. In heat transfer, you
are generally concerned with not only the beginning and end states of a process, but also
the intermediate steps. In other words, you may want to know how long a process takes,
or about the total heat generated. Ultimately, heat transfer can occur by three different
processes or any combination of: thermal conduction, thermal convection, and thermal
radiation. Heat transfer is a senior level course and requires prior knowledge of
thermodynamics, calculus, and fluid mechanics. Heat transfer is a very practical and
important concept because we can apply it to many every day events from insulating
houses, to cooling, and even solving crime.
Key Concepts

•

The main difference between thermodynamics and heat transfer

•

Three methods of heat transfer:
o

Thermal Conduction

o

Thermal Convection

o

Thermal Radiation

Terms

•
•

Conduction - heat transfer between two touching solids
Convection - heat transfer between a solid and a fluid; convective heat transfer
W

coefficient is h, and has units of—-—. It is a property of the fluid, measuring its
m K

ability to transfer heat.

•

Fourier's Law - q"= -k—, the mathematical equation that allows us to
dx

calculate the conductive heat per area that is being transferred. (We'll define the
•
•
•
•

variables later.)
Heat Transfer - the study of thermal energy movement
Radiation - Heat transfer by electromagnetic waves; in a vacuum, such as outer
space where there is no air, radiation is the most prevalent form of heat transfer.
Thermal conductivity - a measure of how capable a material is to transfer heat
Thermodynamics - engineering field that deals with the study of internal

properties of elements and materials; topics include internal energy, temperature,
ideal gas law etc.
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Real Life Story

Have you ever stayed in a really old house in the winter, a house with thin
windows and walls? If you have, did you notice how cold if was, or how hard it was to
heat the house? As an engineer, you can explain all of these occunences with the
principles of heat transfer. As we mentioned before, heat always flows from high to
low temperature. That's why in the winter, heat (higher temperature) escapes to outside
(lower temperature). In the summer, the opposite happens; temperature is higher outside
and the lower inside. Insulation in newer houses is much more effective at preventing
this heat flow than the insulation in older houses. The thickness, size, and the type of
material (the walls, insulation material, windows and roof) also play a role on how much
heat is transferred to the outside.

You have also experienced heat transfer by all three methods at one time or
another. When you touched a cold can of pop, your hand experienced heat transfer by
conduction. When you were blowing across the top of your hot cup of coffee, you were
trying to cool it down by convection. And the last time that you were sunbathing, you
experienced heat transfer by radiation.
The main difference between thermodynamics and heat transfer is that in
thermodynamics we are not concerned how we got from state A to state B. In heat
transfer, we care about the time and process in between state A and state B. Also, in heat
transfer, you are concerned with which of the three methods of heat transfer is occurring
instead of merely worrying about the total heat lost.
Conduction

Have you ever taken a piece of ice and held it in your hand until it melted? If you
saw your ice cube melt, then you experienced conduction. Heat transfer through
conduction happens when two solid bodies are in contact. Thermal energy begins to flow
from the higher energy body to the lower. In that case, your palm was at a higher energy
and higher temperature than the ice cube, which was at zero degrees Celsius. If you were
to touch something that was hotter than the temperature of your body, then heat transfer
due to conduction will occur towards your palm. An example of this involves the heat
packs worn in gloves when skiing. Your palm conducts the heat out of the heat pack and
into your hand, making your hands warmer. Another example of conduction we see
everyday is the contact between a pan and the stovetop. We use metal pans to cook
because they have very good thermal conductivity. (We'll talk about this later.) The
stovetop is the heat source and the pan is at a lower temperature; the heat flows from the
stovetop to the pan. If we were to use a pan made out of concrete, then our food would
take forever to cook, since concrete does not have good thermal conductivity. Now that
we know how conduction works conceptually, as engineers we always want to quantify
heat transfer mathematically.
First, let's define some symbols:

•

q = total heat transfer rate (total energy per unit time) and has units of Watts
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Watts

q'= heat transfer per unit length and has units of

meter

q"= heat flow across unit area and has units of

Watts

m2

•

k = thermal conductivity that has units of

Watts

. This is a material property, and

m*K

it can be generalized that a low k will have better insulation properties than a high
k. The higher the number, the more heat will be conducted thorough the material.
Looking at the pan example from above, metals have a higher thermal
conductivity than concrete.

. d-L is »he temperature change (dT) per unit length (dx)
dx

•

L is the thickness of the material that heat is being transferred through

Fourier's Law

Conduction is characterized by Fourier's Law, which states:
„
. dT -kAT
q = -k— =
dx

L

According to Fourier's Law, conduction heat transfer depends on k, the conductivity
constant (a material property as we saw in the concrete versus metal example) and the
temperature change over a thickness <ff_. (We call this the temperature gradient.) As
dx

long as you know the temperatures on either side of a wall, the material of the wall, and
the thickness of the wall, we can calculate the heat flux. If we want to know the total

heat transfer rate (q), then all we do is multiply the flux (q") by the heat transfer area, A.
So now we have q=q" *A. The negative sign in front of the k simply states that the heat
will flow from the higher temperature to the lower temperature.
Conduction Example
Given

In the winter, houses with poor insulation lose heat to the outside, or what we call "the
surroundings."
•

A wall has a thermal conductivity (k) of .5

Watts

m* K

•

The temperature inside the wall is 29 degrees Celsius and outside is 5 degrees
Celsius

•

The thickness of the wall is .05 meters.

•

The area of the wall is 9 meters squared.
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Required
•

Find the total heat loss due to conduction

Solution

Schematic ofthe Wall

q = heat transfer

We know that the thermal conductivity (material property of the wall) was
Watts

We also know that the temperature difference (dT) from inside the house to the

m*K

outside was 29-5=24 degrees Celsius. The thickness of the wall is simply dx, which is
given as .05 meters. Now all we have to do is plug the numbers in, and we get a heat flux
(q"), meaning how much heat is being lost per unit area. Now multiply by the area of the
wall, and there you have it, the total heat lost is 2160 Watts. Notice how all the units
canceled and we ended up with just Watts. It is important to realize that since we are
only concerned with a difference in temperature, the units of Celsius and Kelvin are
interchangeable.

. g" tdT -k(T2-Tx) k^-TJ
dx

q"=

L

L

5 W_^(302g-278g) =24QW
mK

.05m

m

Answer
W

240—* 9m2 =2\60W

Therefore, 2160 Joules of energy is lost each second

m
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Convection

Convection heat transfer is when heat is transported by the motion of a fluid.
Like conduction, heat transfer in convection occurs from a high temperature to a low
temperature. Understand that the major difference from conduction is that convection
uses a fluid (water, air oil etc.) as medium to transfer heat instead of two touching solids
as with conduction. One of the best examples to illustrate convection is how fans cool
homes in the summer. If you are hot and move next to a fan, what do you experience?
You most certainly begin to feel cooler. This is because of convection. The fan is
moving air relative to your body, so the air (a fluid) takes heat away from your body,
leaving you feeling cooler.
For another example, think about what happens as you go swimming on a hot
summer day. The water in your pool is at a lower temperature than your body (98.6
degrees Fahrenheit). Immediately, you begin to feel cooler since there is heat
transferring from your skin to the pool water. Now as engineers, we always have to
quantify concepts, to know how much heat is transfened. To do that for convection, we
use Newton's Law of Cooling:

Q —h(1surface

i-inf )

Where:

•

Watts

q" is the convective heat flux with units of ——
m

Watts

•

h is the convective heat transfer coefficient and has units of —-—

•

Tsurface is thetemperature of the surface

•

TM is the temperature of the swroundings, which is the temperature of the fluid

m2K

you're using.
Convection Example
Given

A thin peace of metal is emerged into water.
•

The area of the metal is .02 m2

•

The water has a convective heat transfer coefficient of 20

W

m2K

The temperature of the water is maintained to be 2 degrees Celsius
The temperature of the metal is maintained to be 38 degrees Celsius
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Required
•

Determine the heat loss from the metal

Solution

Schematic ofMetal Piece Emerged in Water

hwater =inf = 20

W

m2K

* water =inf ~ ** *"'

----*

Metal Piece

•*•metal =surface _ ^O C

We know that the convective heat transfer coefficient (a property of the fluid) is
W

20

We know the temperature difference between the surface of the plate and the

m2K

water. We show this in the formula asTsurf - Tinf. So by multiplying the two we get a
heat flux or the heat per unit area. Multiplying by area we get the total heat transfer.
Again, pay attention to how all of the units canceled to get just Watts.

.

q"= heat flux =h(Tsurface - TiTt[)

• q = total heat transfer = h* A*(TSUff -TM)
W
q=20^—
*.02w2(38°C-2°c)=14.4 Watts =14.4- Joules

m K

second

Notice how all the units canceled and we ended up with just Watts. Or did they?
If we look at the degrees Celsius, they will cancel the Kelvin units. The reason is
because we are taking the difference of temperatures again and are not concerned
with Kelvin. Look at what happens when we convert the Celsius to Kelvin:
W

q = 20^—*
m2K

02/w2(311A:-275A:) =14.4 Watts = 14.4

Joules
second

same thing!
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Answer

q= 14.4 Watts
Radiation

Radiation, the last method of heat transfer, is unique because it does not require a
medium in order to transfer heat. Remember that in conduction we needed two solids

touching to conduct heat, and in convection we had a fluid in contact with another
substance. Radiation heat transfer, on the other hand, works best in vacuum because its
method of transport, by electromagnetic waves, is not hindered by a medium such as air.
Actually, in vacuum, where there is no matter such as air, radiation is the primary form of
heat transfer. In fact, we experience radiation heat transfer every day from the sun, pipes,
electrical wires, and even humans. Everything emits radiation, but we cannot see it. The
military has used this phenomenon to develop its thermal imaging cameras, or "night
vision." You have also seen heat transfer due to radiation work when heating food in the
microwave. The microwave literally shoots off higher energy photons into the food,
warming it up.
H

'

surface

surroundings '

Where:
Watts

q" is the radiation heat flux and has units of-

m2

•

8 is the emmissivity, which is a measure of how effective the emission is. This is
given as a decimal, 0< e<l, where an emmissivity of one translates into 100%
effectiveness.

•

Surface TQ&*S to lne surface of the object you're dealing with.

•

Tsurr refers to the temperature of the sunoundings, or ambient temperature.

•

<j = 5.67 * 10 8 —r—- is the Stefan Boltzmann Constant
m2K4

W

Radiation Example
Given

A simple science project you may have heard of is a solar hot dog cooker. We can create
this cooker by building a box with cardboard and aluminum foil.

•

Surface= temperature of the hot dog =100 degrees Celsius = 273+100 = 373 Kelvin
Tsurr = outside temperature = 30 degrees Celsius = 303 Kelvin
s =.3
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W

•

a = 5.67 *10 8—=—- ; This is a constant
m2K4

Required

Find the heat transfer per unit area (q") required to bring the hot dog to a temperature of
100 degrees Celsius
Solution
II

tf

„
ffT*^
ou ^ surface

rrr4
\
surroundinss )

^,= .3*5.67*10-8^T[(373^)4-(303^)4]
W

•

Multiply out and cancel units (cancel the K4), we get #"=185.86—m

Watts

•

To give you an idea of how much power 185.86 —— is, just think of the 100m

Watt light bulbs around your house. This answer tells us that for every meter
square of the hot dog, we need 185.86 Watts in order to reach a temperature of
100 degrees Celsius. If we wanted to know the total heat transfer, then all we do

is multiply by the area of the hot dog. (Thatway we cancel the m2 and end up
with just Watts.)
Answer
W

^"=185.86—m

Note:

There is always convection heat transfer on Earth. However, in thisproblem we decided
to not calculate the heat transfer due to convection in order to keep theproblem simple.
Advanced Heat Transfer

Although this topic is more advanced than the purpose of this book, we wanted to
simply make you aware of some advanced capabilities of heat transfer besides cooling
coffee by blowing. If you look at the field in greater depth, you will see that there are
ways to calculate the time it takes an object to lose heat. How can we use this? If you've
ever seen any Forensic Files on the Discovery Channel, you may have seen this technique
used to figure out how long a victim has been deceased: we know that the human body
initially is at 98.6 degrees Fahrenheit. We would also know the temperature of the
swroundings, and the body itself at the time it was found. Using that information, along
with the properties of the human body, we can calculate the time it took the body to reach
the cunent temperature and therefore the time of death.
Also, as you become more skilled in the area of heat transfer, you will learn how
to calculate the coefficients used to solve problems based on experimental research.
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Instead of being given a table value for the convection coefficient h, you will learn how
to use the physical system to solve for it. This allows you to solve many more real life
physical systems instead of approximating them as ideal situations.
Summary

Heat transfer deals with the motion of thermal energy. Engineers are interested in
heat transfer because of the importance heat has on material. We know that materials
tend to operate their best when they're between "comfortable" temperature ranges. If
your computer's hard drive gets too hot, it will malfunction. That's why you need a fan
inside your computer to transfer heat through convection in order to cool it. Your car's
engine also needs to be kept at certain temperatures, and it is cooled by conduction using
"coolants" and convection by fans. Even the human body needs to be accommodated for:
we need to keep our houses cool in the summer and warm in the winter. At the same
time, we need to insulate the house to reduce heat transfer (or heat loss) through the
walls, roof etc. Understanding heat transfer is key to not only keeping our comfort, but
also keeping our cars, electronic devices, and materials functioning properly.
What You Should Have Learned

1. In heat transfer (unlike in thermodynamics), we care about the time, methods, and the
processes that happen as we go from one state to another.
2. Conduction heat transfer happens through solids.
3. Convection heat transfer happens with fluids.
4. Radiation heat transfer happens through photons.
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Fluid Mechanics

Related Courses: Thermodynamics, Heat Transfer, and Physics
Introduction

More than 3A of the earth's surface is covered in water. In the State of Michigan,
the largest bodies of fresh water in the world sunound us. Water is everywhere! As an
engineer trying to understand the world around you, it is only natural that you leam how
to deal with water from an engineering standpoint. In thermodynamics, you leam how to
deal with the heat energy of water. In chemistry, you leam how to deal with the chemical
interactions that occur with water. In fluid mechanics, you finally leam how to deal with
the motion of water, along with all other fluids. Fluid Mechanics is a junior/senior level
course and requires prior knowledge in physics and calculus.
Key Concepts
Fluids

Hydrostatics
Flow

Velocity Profiles
Fluid Shear
Dimensionless Numbers

Bernoulli's Equation
Terms

•

Dimensionless Number - a number without units that serves as a universal

comparison
Fluid - A substance that flows; it can be a liquid or a gas.
Hydrostatics - the study of low speed fluids
Laminar flow - the simple smooth flow that you can easily see when a faucet is
turned on to a steady trickle
Manometer - a device used to measure pressure differences
No Slip Boundary Condition - a fundamental assumption, which states that
fluids stick to surfaces when they flow over them
Streamline - the path that a particle of fluid takes; usually highlighted in real life
experiments with injected dye or smoke
Turbulent flow - highly chaotic flow; think of Whitewater rapids
Velocity Profile - a layer where the fluid moves slower near a surface, and faster
further away
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Real Life Story

Of course, as an engineer, one day you will be rich. Your brand new mansion of a
house will be built, and your pool will be newly filled. Your rugrats will be screaming at
you to put in a new slide, and you finally cave in. Here comes the engineering problem.
You know you need to pump water to the top of the slide, but you have no idea how big
of a pump you should buy. Luckily, as an engineer, you have taken fluid mechanics and
are armed with the tools to face this type of problem. You can easily solve the energy
equation based on Bernoulli's research and find the amount of pump work required to
raise the water to the top of the slide.
Definins a 'Fluid' and What Makes Fluid Mechanics Unique

A fluid is any substance that flows: water, oil, air, etc. It is important to realize
that fluids are not just liquids, but gasses too. While many subjects in mechanical
engineering deal strictly with solids, fluid mechanics is the first time engineers leave the
solids alone and deal entirely with the motion of liquids and gasses. As an engineering
student, you would already have been exposed to dealing with fluids and gasses in
chemistry courses, as well as in thermodynamics. What differs here is that we are
concerned only with the mechanical properties and how the fluids behave when moving
around instead of the chemical and thermal properties. While liquids and gasses seem to
be very different, much research has proven that many rules that apply for liquids also
apply for gasses.
Hydrostatics

The very first topic usually discussed when approaching fluid mechanics is
hydrostatics. That's right; there is that 'static' word again. We know that there are two
statements we can make just by hearing the word static. First of all, we know that the
problem will be stationary. (In fluids, low speed flow can be approximated as stationary.)
Second of all, we know that every part of the system is in equilibrium. The perfect
example of a hydrostatic problem is that of a tank of water. Water, and any fluid for that
matter, has weight. If you had to design a tank to hold water, you would have to know
how much force the water would exert on the sides and bottom of the tank to make sure

your design would be strong enough to carry the loads. In order to do that, we use the
fundamental equation of hydrostatics:

P=pgh
N

P: Fluid Pressure [ —- ]
m

ke

p : Fluid Density [-^-]
m

g: Gravity [ — ]
s

h: Fluid Height [m]
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As long as we know the fluid depth and fluid density, we can calculate the
pressure pushing on the bottom of the tank. You can then multiply the pressure by the
area and find the total normal force exerted. Looking at the formula, you can see that it is
logical; think about swimming to the bottom of a pool for example. The deeper you go,
the higher the pressure exerted on your ears is.
Other times, as an engineer, you might be interested in figuring out the difference
in pressure. As you can see, the formula below is similar to the one we just discussed;
the only difference is that now we have two pressures and heights in the equation:

p.-p^pgfh.-h,)
If we know two different heights and a single pressure, we can find the pressure at
another location. This formula is the foundation for manometry. A manometer is a
device used to measure pressure. By connecting an open manometer tube to a container
or pipe, we can measure the pressure by simply measuring the height difference along the
manometer tube. With this value you can then plug into the above formula to find the
pressure.

Schematic ofa Manometer

Height
Difference
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Fluid Flow and the Velocity Profile

The next step in fluid mechanics involves fluid flow. When first thinking of fluid
flow, it is important to realize that two types of flow exist. The most simple and most
well understood form of flow is laminar flow. Laminar flow is the simple smooth flow
that you can easily see when you turn a faucet on to a steady trickle. The water appears
to move very predictably in the glassy stream. The direct opposite of laminar flow is
turbulent flow, which is highly chaotic and not entirely understood. Turbulent flow is
often associated with higher velocity flow, and we can see it by turning a faucet on full
blast. When you turn the faucet all the way up, the water chaotically sprays out all over
the place in a 'turbulent' manner. In both types of flow, we use the concept of the
streamline. A streamline is the path that a single piece of fluid would take as it travels in
the flow. In laminar flow, the streamlines travel in relatively straight and predictable
lines parallel to the walls. A streamline can be seen in a laboratory by simply injecting
dye or smoke into the fluid flow. The color streak from the smoke or dye represents the
streamline.

Thinking along a similar path, let's take a look at the slow-moving flow of liquid
over a flat plate. First, of all, the basics for discussing this type of flow involve the no
slip boundary condition. What this means is that at the surface of the plate, there can be
no motion, or that the fluid "sticks" to the plate at this location. As with any two moving
objects, there is friction between the fluid and the flat plate. This friction causes the
"sticking" of the fluid, creating the no slip boundary condition. Think of the fluid far
from the plate; this fluid moves much faster and is undisturbed as if the plate were not
even there. Below is a picture of the velocity profile for fluid flow over a flat plate.
Schematic ofthe VelocityProfilefor Fluid Over a Flat Plate
Undisturbed
Flow

Zero Slip Boundary
Condition

The vectors on the left show the uniform velocity flow before it hits the flat plate.
As expected, right on the plate there is no velocity vector as a result of the no slip
boundary condition. Looking at the vectors, we can see that the further away from the
plate we go, the faster the fluid gets.
An everyday example of the no slip boundary condition is syrup on a plate. Think
of when you pick up your breakfast plate after eating pancakes. If you tip your plate, you
can see the excess syrup flow down the plate. As it does so, however, it leaves a visible
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trail of syrup following the fluid flow path. This occurs because the syrup easily sticks to
the plate, which is the same phenomenon that occurs with all fluids when they flow.
Fluid Shear Forces

Since the fluid sticks to the plate, the fluid would pull the plate along if it were not
held in place. Knowing the equation for the velocity profile as u(y) (usually found by
laboratory measurements), we can describe the shear force that the fluid pushes along the
plate by using the following equation:
du

dy
N

t : 'Sticking' force per unit area —m

N*s

|j.: Viscosity [ —— ], fluid property we find in tables
m

du

—: Slope of the velocity profile
dy
By multiplying shear stress (t ) by the plate area, you can easily find the force
required to hold the plate in place.
Bernoulli's Equation

The next important piece in fluid mechanics is to discuss the energy involved in
fluid flow. Water can carry a lot of energy. The Hoover Dam, a huge device used to
extract the potential and kinetic energy out of the flowing water, powers the entire city of
Las Vegas. Fluids can exert pressure, have potential energy resulting from height and
weight, and also have kinetic energy resulting from flow. The next step is to put these
three pieces together to create an energy balance. The Bernoulli equation relates the
exchange between the three.
1

•>

1

7

Pl + ~ f>V\ +Pg*h = P2 +-P^2 + Pg»2
What this equation shows us is that the energy of pressure, potential energy, and
kinetic energy must be equal along a streamline. If flow moves faster at one end of a
hose, it must have less pressure or be at a lower height than the other end. You simply
cannot increase or decrease the pressure, kinetic energy, or potential energy all at the
same time. If one quantity increases, at least one or both of the other two must decrease.
This equation is very useful because if you know what is happening at one point
in the flow, you can make some measurements further down the streamline in the flow to
find an unknown pressure or velocity. Further along in fluid mechanics, we can use
Bernoulli's equation to discuss losses resulting from pipe bends and other physical
barriers. In addition, a term for work added by a pump or removed by a turbine (such is
the case with the Hoover Dam) is thrown into the mix to make the equation apply to more
physical systems. Bernoulli's equation is based on an energy balance. It describes what
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is happening in flow as kinetic energy, potential energy, and pressure are transfened back
and forth along a streamline.
Dimensionless Numbers and Mr. Reynolds

Throughout your previous science courses and for years to come in engineering
school, you will have and will always be told that units are important when solving a
problem. After all, if the units don't work out, there is slim chance that the numerical
answer will. You will first leam about dimensionless numbers in fluid mechanics. A

dimensionless number is exactly as it sounds: a number answer for which there is no
dimension or units. While this may seem a bit abstract, what is important to realize is
that if there are no units, we can apply the number to many more situations, not just to a
specific problem. Dimensionless numbers are simply more universal.
While the concept of the dimensionless numbers seems a bit abstract, let's just
treat them as a property, just like density for now. For example, the Reynolds number is
a dimensionless number that is very powerful in fluid mechanics. It is defined as:

Re =^
x: Location of interest [m]

The units of the numerator when multiplied together are the same as the
denominator, and therefore cancel out making the number dimensionless. The Reynolds
number, as it turns out, becomes a very important indicator on how to handle a problem.
Concerning simple airflow over a flat plate, for example, if the Reynolds number is
greater than 500,000, the flow will be turbulent. If it is less than 500,000, the flow is
laminar. When discussing pipe flow, if the Reynolds number is greater than 2300, the
flow is turbulent and laminar otherwise. As discussed previously, it is very important
that you know if a problem is turbulent or laminar in order to model it conectly.
There are several other dimensionless numbers used in fluid mechanics to handle

more specific problems, but the Reynolds number is used in almost all flow problems
since it tells such a great deal about the flow type and is universal.
Summary

Fluid mechanics is the first course in which engineers leave behind the chemical
and thermal properties of fluids and simply deal with their mechanical properties. As we
all know, fluids like water have weight. In order to solve stationary fluid problems such
as tanks, the equations of hydrostatics are used which relate depth and pressure to one
another. When discussing fluid flow, it is important to utilize the no slip boundary
condition. It is also important to realize that fluids exert forces on their boundaries
(plates or pipe walls). Furthermore, you must always know whether a problem involves
laminar or turbulent flow by finding the Reynolds number. To further understand fluid
flow, we use Bernoulli's equation to find out how the pressure and energy terms are
changing together on a streamline. Fluid mechanics is a fundamental course for
engineers, because it helps us understand the behavior of water and many other fluids.
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What You Should Have Learned

1. Fluids are not just liquids, but gasses and any substance that flows.
2. The hydrostatic equations describe the exchange between height and pressure.
3. Streamlines, which are the paths taken by a small pieces of fluid, are used in all
flow problems. They can be seen by injecting dye or smoke into a fluid flow.
4. Fluids stick to solid surfaces when they flow over them creating the no slip
boundary condition.
5. Because of the no slip boundary condition, fluids exert forces on their boundaries
(plates or pipe walls) as they flow over them.
6. Laminar flow is predictable, while turbulent flow is chaotic.
7. Bernoulli's equation describes the exchange between pressure energy, potential
energy, and kinetic energy.
8. Dimensionless numbers are very useful, and the Reynolds number is one that is
used to determine if a flow is laminar or turbulent.
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Electric Circuits
Related Courses: Physics (Electricity), and Calculus
Introduction

The first question you might ask is, "Why would I be wonied about electric
circuits if I weren't an electrical engineer?" As you will leam in the electricity portion of
physics, there is no clear-cut line between the mechanical and electrical worlds. As a
result of this, you must have knowledge of electrical engineering since mechanical
devices are often subject to electrical phenomena. Furthermore, there are electronics
controlling everything in the world around us. As a Mechanical Engineer, if you knew
nothing about electronics or circuits, you would never be able to work with cunent
technology. In school, your engineering classes often do not mix disciplines. In the real
world, however, the solution to the problem you are looking for might involve electrical
as well as mechanical components. If you were unskilled with circuit analysis, you
would not be able to contribute to the solution. As an engineer, you will have to be
skilled at both; in the real world, the line between electrical and mechanical is not clear-

cut. With computers and circuits popping up everywhere from under your hood to the
keychain in your pocket, it is impossible to avoid them. Electric circuits is a sophomore
level course and requires prior knowledge in physics and calculus.
Key Concepts

•
•

Voltage, Cunent, Resistance, and Power
Circuit analysis laws: Ohm's Law, Kirchoff s Cunent and Voltage Laws, and
Resistance combinations.

•

Problem solving methods: node voltage and mesh cunent

•

Thevinan and Norton circuits

•

DC and AC cunent sources

•

Common circuit elements

Terms

•
•
•
•

Current - the flow of electrons from high potential to low potential
Power - the amount of energy given to a device or taken from a source
Resistance - a device's opposition to cunent to flow
Voltage - a difference in electric potential

Real Life Story

Let's say that you are working on designing a safe door for a bank. You know
that you want it to be strong, reliable, easy to open and close, and most importantly,
secure. With your knowledge in mechanical engineering, you can meet all of these needs
relatively easily with your skills. In order to make it secure, a strong lock is not the only
device you can use. As with most banks, you would want the police to be informed if the
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safe were being broken into. In order to handle this task, you have to be able to set up a
switch to trigger the alarm. "Wait!" you might say, "I'm a Mechanical Engineer! I can't
deal with wiring a switch!" This statement is simply ridiculous, though, isn't it? A
switch is a simple device, but it does fall under the realm of electronics. This story
highlights that no matter what type of project you are working on, there will be some sort
electronic component. As a Mechanical Engineer, you must be ready to face these
situations when they arise.
Voltage, Current, Resistance, and Power

There are several simple concepts that form the basis for all electrical circuit
analysis. In order to approach an electric circuit, you must know what voltage, current,
resistance, and power are. A simple comparison of voltage and cunent can be explained
when thinking about a water tower. The water in the top of the tower has greater
potential energy as a result of its height and the force of gravity. The water in the top of
the tower wants to move down towards the ground because gravity is constantly pulling
on it to do so. A positive voltage source can be viewed that way. All the energy stored in
the positive terminal wants to flow to the negative terminal where it is attracted, just as
the water in the top of the tower wants to move down to a lower elevation. Current can
be viewed as the water flowing through the pipe from the top of the water tower down to
the bottom. Whenever a connection is made between a positive voltage terminal and a
negative voltage terminal, cunent flows just as the water in a water tower flows down
whenever there is an open pipe.
Now that we understand the basics of voltage and cunent, it is important to
understand what a resistor is. We can think of a resistor as any material that slows the
flow of cunent. To make it clearer, let's go back to the water tower example. Imagine
taking the water tower, with water flowing down its pipe, and then plugging half of the
pipe with a metal plate. The flow through the pipe would obviously slow down because
the water is restricted by the blockage in the pipe. Resistors serve the identical purpose
for a flowing cunent. As mentioned before, any time you connect a positive and negative
voltage source, cunent will flow. By adding a resistor between the positive and negative
voltage sources, the current flow can be restricted just as the water was slowed by the
pipe blockage. It is important to realize that resistors provide loading to an electric
circuit. As the cunent flows through the resistor, work is done on the resistor. In a
simple circuit, this work is just wasted as heat. Say for example, though, that your
"resistor" is really a light bulb. When you connect a light bulb to a battery, the battery
does work to create light. The energy going into the light bulb resistor is not just wasted;
it instead makes light and heat. Most real world electronic devices can be modeled as a
form of resistance. From this example, power is easily explained. If you run a light bulb
for an hour, the "power" that is consumed would be the total amount of light and heat
provided by the light bulb during the entire hour that the light was turned on.
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Circuit Laws

Engineers are often faced with the task of analyzing a circuit. The goal of circuit
analysis is be able to find the cunents and voltages at every point in a circuit. There are
several basic laws that are an engineer's primary tools for circuit analysis:
1.

Ohm's Law: V = IR

The voltage drop across a resistor is equal to the cunent through the
resistor times the total resistance.

V=(1.2 A)(10 Ohm)=12 Volts

1=1.2 Amp

12V

R=10ohm

2.

Kirchhoff s Cunent Law

The total cunent flowing into a node (a connection of several wires) must
equal the total current flowing out of a node.

10 Amps

^

w

fe, ^

f

1f

15 Amps
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3. Kirchhoff s Voltage Law
The total sum of voltage increases and decreases, as you travel around a
closed circuit loop must equal zero.

A

10V

^

PI

5V

15V

i

S*

(

^

4.

^
w

Rise

^s

10V

Drop

Yr

v

Parallel and Series resistance combinations

For a series of resistors: Rseries = R{+R2

AA/V—AA/V
Rl

For two parallel resistors:

R2

=
^Parallel

h—
**l

^2

Rl

^W^

U/yw
R2

5.

Power Formula
P = VI

V: Voltage Drop
I: Cunent

P=(120V)(.5A)=60 Watts. This is equivalent to the rating of a typical
light bulb.
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The basic premise behind Kirchhoff s Voltage and Cunent Laws is that voltages
and cunents do not magically appear; in order for a cunent to flow out, it must have
flowed in, and on the same note, in order for there to be a voltage rise, there must be a
voltage drop.
Node Voltage and Mesh Current Methods

From the previous simple rules, there are two techniques that engineers
commonly use to analyze a circuit. The first is called the Node Voltage method. In order
to figure out an unknown voltage in a circuit in terms of known voltages, equations are
written for the cunent flowing out (or in) to a node in terms of the voltages. As we have
learned from Kirchhoff s Cunent Law, the total cunent flowing out must equal the total
cunent flowing in. If all of your equations are written in terms of cunents flowing out,
their sum must equal to zero. (The same is true if you write your equations with all
cunents flowing in, as long as you are consistent.) The simple equation can then be
solved for the unknown voltage.
Another technique that engineers use to analyze circuits is called the Mesh
Cunent method. Equations can be written around any closed loop in a circuit. Using
Ohm's Law, the voltage rise or drop can be calculated for each element in a circuit.
Since Kirchhoff s Voltage Law tells us that every voltage rise in a loop must have a
voltage drop, the sum of all rises and drops in a single closed loop must be equal to zero.
Thevinin and Norton Equivalents

A task that an engineer is often faced with is simplifying a complex circuit down
to a more basic one. There are two common standards for a simple circuit, the Thevinan
equivalent, and the Norton Equivalent. If the Thevinan circuit is found, the Norton
circuit is directly found using V= IR. It's important to consider the Thevinan circuit
since the Norton is easily found once the Thevinan is known. A Thevinan circuit
contains two circuit elements, a resistor and a voltage source. The methods for solving
for the Thevinan resistance and voltage are a bit tricky, and take some experience. It is,
however, important to realize that the Thevinan and Norton circuits are as simple as an
equivalent circuit can get.
Schematic of Thevinin and Norton Equivalent Circuit
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DC and AC Current

Up until now, we have been thinking of DC or Direct Cunent systems. This is the
type of system that you have when a simple battery is connected as your power source.
DC means exactly what its title says; direct cunent flows from the battery into the circuit.
The type of electricity flowing into your house is called Alternating Cunent or AC. AC
cunent flows back and forth based on a set frequency. (Think of a sine curve.) AC
cunent can be viewed as a battery in which the positive and negative terminals are
reversed several times a second. This causes the same magnitude of cunent to flow in a
circuit, but the direction reverses based on which direction the battery terminals are
connected for that instant of time. All of the methods discussed previously can be
applied to AC circuits in the same fashion as with DC circuits; however, a more
complicated method called Phasor analysis is used. Phasor analysis uses complex
numbers to describe both the magnitude and direction of the cunents and voltages,
similar to using force vectors for a statics problem.
Other Circuit Elements

Now that you understand the basics of circuit analysis, we can discuss a few other
types of circuits and circuit elements and where they are commonly seen.
A. The Capacitor
A capacitor is a device similar to a battery in that it stores charge and tries to
maintain a voltage drop across its terminals. It can be viewed as two plates
separated by a space between them. When a voltage source is connected across a
capacitor, charge is pulled from one of the plates and is piled up on top of the
other plate. Your television uses a capacitor, which is why it is dangerous to
work on your own television even if it is unplugged. Since the capacitor has
stored charge, it can easily discharge even if it is not plugged in.
B. The Inductor

An inductor is a device that in its simplest form is a coil of wire. As current flows
through the coils, a magnetic field is created inside the center of the coil. This
magnetic field pulls charge through the coil once the cunent source is removed.
Because of this ability, an inductor can be seen as a short-term cunent source.
Inductors are sometimes used in high-powered electrical motors when it is
important to keep the cunent supply stable.

C. The Operational Amplifier (Op-Amp)
An Op Amp is a very powerful tool. The entire goal of an Op Amp is to keep the
voltage at the positive terminal equal to the voltage at the negative terminal and to
not allow cunent to flow from the positive terminal to the negative terminal. This
allows circuitry to be constructed that can magnify the output voltage from the
circuit, add together voltages, perform integration, perform differentiation, and
even stop the flow of current in a circuit. There are several standard circuits that
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incorporate Op Amps to perform these basic functions. A simple circuit board
amplifier that you might find in your clock radio might use an Op-Amp to power
the speaker.
D. The Transformer

Transformers are basically two inductors whose magnetic fields interact. Based
on the number of turns in each coil, the voltage and current can be manipulated in
the other coil. Transformers are commonly used to step up or down voltages and
cunents in AC systems. A common application of a transformer is hanging from
the power line pole outside your house. The high line voltage coming from the
power lines into your neighborhood is stepped down to a lower voltage by the
transformer before it enters your house for you to use.
E. The Step Response Circuit
Step Response Circuitry combines inductors, capacitors, and resistors with a
voltage source and a switch. When the voltage source is switched off, the
capacitor in the circuit tries to maintain the prior voltage in the circuit and an
alternating waveform is created. The capacitor will charge and discharge over
and over again until all of its stored energy is used. When the voltage source is
switched off, the inductor in the circuit tries to maintain the cunent flow in the
circuit that it previously had as a result of the magnetic field. This also creates an
alternating current through the circuit that reverses back and forth until all of the
energy stored in the inductor's magnetic field is used. Step response circuitry is
useful due to the alternating voltages or cunents. Simple circuitry can be set up to
use the charging and discharging voltage from the capacitor or the back and forth
cunent from the inductor.

There are several other types of circuit elements that an engineer encounters.
However, they are more complex and require further knowledge and experience with
circuits.

Summary

Mechanical Engineers must be able to use circuit analysis tools. It is impossible
in this advancing society to avoid electronics as a Mechanical Engineer. Almost any
mechanical element you might design as an engineer has some type of electronic on it to
serve as an instrument, or to perform some simple task. While as a Mechanical Engineer
you may not need to fully understand how a circuit functions and why, you must
understand how to interact with circuits and know what you can use them for. By
simplifying a circuit down to its basic elements and function, you can easily understand
how to manipulate the circuit to perform a desired task. It is also important to realize that
as you move into industry as an engineer, the line between Mechanical and Electrical is
quickly bluned. You are expected to solve problems; if your problem has an electrical
component to it, there will be no one there to take care of it for you. It is up to you to
come up with a solution, which will often mean dealing with electronics.
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What You Should Have Learned

1. You should be comfortable with the basic definitions for cunent, voltage,
resistance, and power.
2. The basic laws including Ohm's Law, Kirchhoff s Voltage Law, and Kirchoff s
Cunent Law are the foundation for all circuit analysis.
3. Voltages and cunents can be found using the Node Voltage and Mesh Cunent
methods of circuit analysis.
4. Thevinan and Norton equivalent circuits are a simplification of a complex circuit.
5.

You should be aware of the basic difference between AC and DC circuits.

6. Capacitors, Inductors, Op-Amps, Transformers, and Step-Response Circuits are
commonly used electrical devices.
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Control Systems
Related Courses: Calculus, Circuit Analysis, Dynamics, and Physics
Introduction

As an engineer, it is important not only to design a part or a machine, but also to
provide a way to operate it. Control systems are important because we need to know
what is happening to our cars, dishwashers, and machinery in general. If we don't have
control, our "system" (i.e.: cars, circuit, or any object you are analyzing) could fail or act
in ways that we do not want it to. If you were to think of the human body as a system,
the control system would be the brain and nerves. Control systems let us predict and
analyze our system's performance with mathematical models. We use our knowledge in
differential equations, LaPlace Transforms, and Transfer Functions to predict the
behavior of our machines; from how our car steers down the road to how much it will

bounce after hitting a speed bump. Control Systems is a junior/senior level course and
requires prior knowledge in calculus, physics, dynamics, and electrical circuits.
Key Concepts

•
•
•
•

The importance of control systems
The role of Differential Equations in Control Systems
The role of LaPlace Transforms in Control Systems
Block Diagrams

•

Transfer Functions

Terms

Block diagram - a schematic of a system depicting how it functions
Closed loop system - systems with a feedback loop
Damping - Controls the motion of a response; your shocks are "dampeners" that
control how quickly a spring will compress or expand.
Disturbance signal - an unwanted signal that affects system performance
Error - how much the actual output differs from the desired output
Feedback - information that goes back to a comparator, or another place on the
system; feedback is used to determine how much enor you have and what type of
input should be put into a system.
Linear system - a system whose response is readily predictable if you know its
input
Non-linear system - a system whose response is more difficult to predict, even if
you know its input
Open loop system - systems with no feedback loop; think of writing a paper and
never going back to edit it.
Root locus method - method of determining system response
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•
•

System - the object we are analyzing. This could be as simple as a mousetrap, or
as complex as the space shuttle
Transfer Functions - mathematical expressions that tell us what is happening to
our system (car, space shuttle, computer etc.)

Real Life Story

After four years of college, NASA hires you. On your first day you're put on the
rover team tasked to explore Saturn. (We already went to Mars.) Even though you're a
Mechanical Engineer in charge of the vehicle's suspension, knowledge in control systems
will come in handy. Not only will you need to know the engineering jargon to
communicate to your electrical engineering colleague, but you also need to use LaPlace
Transforms to figure out the right spring and damping rates for the suspension.
Additionally, you might want this rover to have an adjustable suspension as it changes
tenain. With your knowledge of control systems, you can determine how best to design
the vehicle so it can adapt to a changing environment. Control systems can also help
make the rover's performance more accurate by limiting the disturbance signals and
reducing the error among other things; this will improve your chances of having a
successful mission.

Mathematical Models ofSystems

We use differential equations and LaPlace transforms to model systems (create a
mathematical story). We're dealing with systems that have a time dependant response
(dynamic in nature) so we have to use differential equations.
LaPlace Transforms

A LaPlace transform is nothing more than a mathematical manipulation we use to
change our differential equation from a time domain (our equation is a function of time)
to what we call the frequency domain. (Our equation is a function of frequency.) We do
this because when our function is in the s-plane, we can see its zeros and poles (real
numbers and imaginary numbers.) These zeros and poles tell us a story about the
behavior of our system.
Transfer Functions

Transfer Functions are mathematical models used to provide a quantitative
description of system response. To create a transfer function, we take the LaPlace
transform of the output of the system and divide it by the LaPlace transform of the input.
Although transfer functions are an advanced topic, you should know that in Control
Systems they are important, because they show us what is dynamically happening to our
system.
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Calculus and Differential Equations

The block diagram schematic below shows the process in which control systems
becomes useful to us. First we start with differential equations because our systems (cars,
spacecraft, etc.) have movement. (They're dynamic in nature.) Differential equations
take into account all dynamic elements of our system. In basic control systems, we only
consider linear systems. (On the other hand, non-linear systems have a response that is
more difficult to predict, even if you know its input.) These are systems whose response
is readily predictable if you know the input. Using charts or other methods, we convert
differential equations into algebraic ones using LaPlace Transforms. The differential
equations are turned into a transfer functions by putting the LaPlace of the output over
the LaPlace of the input function. The transfer function will have a numerator and a
denominator, where we can find zeros and poles. Zeros and poles tell us how the system
is going to behave. You can do this for many parts of a system. (For example if you
were looking at a car, you could break it down to its breaks, engine, suspension etc.)
However, if you want to see what the entire car is doing, a block diagram with all the
transfer functions is put together, and then manipulated to give you a single line answer.
Let's think of this in simpler terms. The whole point of control systems is to
come up with a mathematical model for how your system will respond given a certain
input. Then, we use this information to design a method for controlling the response.
This goal is met by using the tools learned in calculus including linearization and LaPlace
transformation. The following flow chart details how we achieve this process.
From System to Transfer Function

Differential equations have dynamic properties: position, velocity, and acceleration.

If not already linear, make differential equation linear using Taylor Expansion.
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Jl
Create Transfer Function: Put LaPlace of output over the LaPlace of the input function.

J3Look at Transfer Function zeros and poles, for conclusions on what is happening to the
system.

Put transfer functions in each block (i.e.: for a car: 1 LaPlace Transform block for brakes,
1 for engine, 1 for chassis etc.)

43Merge all block diagrams into a single transfer function to see what is happening to a
single output of the system.

Block Diagrams

We can look at block diagrams of as a way of thinking or a logic that is applied to
anything from mechanical engineering to chemistry, to politics and even cooking. Below
we show two basic types of block diagrams. The first is an open loop system. It has an
input, writinga book(what do we want to do?) and an output (what do we expect to get
done?), which is to complete a book. There are actions in between which help us get to
the goal. As you can see, in an open loop system, it would be like writing a book and not
editing it.
Schematic ofan Open Loop System

Writing a book

>

Research

I

^>|_Rough Draft 11

^>

Written Book

We can use the same example to demonstrate a closed loop system, by simply
adding a feedback loop. In this case, by editing the document, it can be improved.
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Schematic ofa Closed Loop System

Writing a book

N|

Research

|l

^>| Rough Draft

£> | Written Book

Editing by
author and

other parties

The Root Locus Method

It makes sense that a system with feedback is better than one without it. If you
were piloting a plane, wouldn't you want to always know your altitude, amount of fuel
remaining, speed, etc? Assuming you answered the question yes, you also want that
information to be accurate and consistent. The root locus method looks at the roots and

poles of the mathematical model that you created and determines how the system will
respond. With this information, we can predict whether a feedback system will have
good performance and stability.
Summary

If you were to think of the engineering field as the human body, the control
system would be the brain. When you touch something hot, there is an immediate
feedback to your brain telling you that you're in pain. As you walk down the road, your
brain is constantly taking in information from your senses, and in return you take action.
Many of our machines work the same way. Even though much of what control systems
deals with has to do with electronics and computer programs, it's important for a
Mechanical Engineer to understand the basic principles of how and why we control our
cars, airplanes, computers, and other electronic and mechanical gizmos. The days of
Mechanical Engineers simply handing a control systems problem to an Electrical or
Electronics Engineer are gone! Instead, ME's are not only designing parts, but they also
play a great role in putting them in motion, requiring a knowledge of control systems.
Understanding how to use control systems to your benefit begins with a very strong
understanding of calculus and differential equations. Knowing how to manipulate
differential equations using LaPlace transforms is the key to understanding how the
bloodline that drives control systems works.
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What You Should Have Learned

1. We need control systems in order to predict, understand, and control what is
happening to a car, boat, computer, or any other system at which we wish to look.
2. Open loop systems have no feedback.
3. Closed loop systems have a feedback loop to aid the process of control.
4. When looking at a system, we start with differential equations and turn them into
transfer functions by putting output LaPlace over input. The transfer function's
zeros and poles can tell us how the system is going to behave.
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Engineering Economics
Related Courses: Mathematics
Introduction

Let's face it, no matter what job you are in, you will face economic decisions
every day. While you're still a student, you have to manage your personal finances even
if you have little to no income. It is a simple fact of life. Engineers are no exception to
this rule. As an engineering student, you will spend a great deal of time analyzing and
solving problems; as a professional engineer, you will spend just as much time analyzing
and solving problems, but you will also have to meet a budget. It is important to realize
that in order to do so, you must fully understand the impact of finances on the solution to
a problem. Sometimes the cheapest solution is far from the best. If an accountant or
financial officer was sent to solve an engineering problem, they might simply choose the
cheapest solution out there. Engineers, on the other hand, have to weigh the cost of a
solution against the overall physical benefits to the company. Since engineers are fully
competent in math, economical analysis should never be feared. By becoming
comfortable and proficient in a few economic techniques, engineers can easily consider
the economic portion of a problem solution. Engineering Economics is a senior level
course and requires prior knowledge in mathematics.
Key Concepts

•
•
•
•
•

Types of Cost
Time Value of Money
Mathematical Modeling
Present Value Analysis
Annual Income Analysis

•

Taxes

Terms

Book Costs - a cost that only appears on paper
Fixed Cost - a cost that remains constant despite production
Inflation - the rate by which your money looses purchasing power
Interest - the rate by which your money increases in value
Sunk Costs - money already spent
Variable Cost - a cost that changes with production
Real Life Story

As an engineer working on a sports car, you are faced with the decision of which
wheels to put on your design. You have the choice between a cheaper sport wheel, or a
sportier, yet more expensive wheel. Your natural instinct, along with the accountants
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sitting in the office next to yours, would be to select the cheaper wheel, since the cost
savings will make your company more money. As an engineer, though, you realize that
the sportier wheel will perform better and look much nicer. What you now have to
consider is that if you use the sportier wheel, you might sell more units than if you used a
cheaper wheel. This is a typical economic decision that you might have to face. In the
short term, the cheaper wheel will pay off since your company will have to spend less
money to produce the wheel; however, when your cars hit the dealer lots, the sportier
wheels might allow your company to sell more cars. The additional cars sold might just
offset the cost of the more expensive wheel, and in the end make your company more
money.

Types of Costs

There are several types of costs that exist in the business world that you must
become familiar with in order to handle economic engineering decisions. Depending on
the type of problem you are dealing with, it is necessary to look at a certain kind of cost.

1. Fixed Costs - are set and do not change. No matter what kind of company you
work for, there are costs which are nearly constant, and unavoidable. Some
examples of these are the overhead to keep the factory ready for business: the
lease for your building, electricity to keep the lights on, or the original purchase
price for a machine. These costs are always important since they are unavoidable.

2. Variable Costs - change all the time. Variable costs are usually dependant upon
the production. If you are producing doorknobs, one variable cost would be the
price to produce each doorknob: the price for the steel, the price for the line
workers, and the price for the packaging. If you produce more doorknobs, your
variable costs would increase; fewer doorknobs would lower your variable costs.
These costs are important when considering how many units you have to produce
in order to make a profit.
3. Sunk Costs - are monies already spent. If you bought your car ten years ago, the
original cost of the car is a cost that is no longer relevant towards any economic
decision ahead. You can't go back and try to get a better deal. While many
people often mention the original price of their car, what is truly important for
future decisions is what the car is worth at that instant. The idea of a sunk cost is

a bit more abstract, because they most often come up when someone is griping
about spending too much money in the past. Since you can't go back and change
the past, it is important to realize that sunk costs have already been spent, and you
should look ahead towards what is the wisest choice to make now. You should

always leam from previous sunk costs without allowing them to alter any future
decisions you might make.
4. Book Costs - do not come directly out of your pocket. You don't have to directly
spend money on a book cost, but they are used for accounting purposes,
especially for taxes. The most common example of a book cost is depreciation of
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a machine. As time goes on, machines, just like your car, become worth less and
less every year. The amount of money that the machine decreases in value (or
depreciates in value) is a book cost because you can use it on paper to reduce your
taxes, but you never directly shell out money to pay for the decrease in value.
There are several other types of costs, which you might face in economic problem
solving, but these four cover most situations. Many problems are simply solved by
carefully realizing what type of costs you are trying to minimize or balance.
The Time Value ofMoney

The value of money is dependant upon the time. A perfect example of this is the
price of a car. In the 60's, you could buy a brand new car from a dealership for fewer
than four thousand dollars. Today, you have to spend over twenty thousand dollars to get
a similar type of car. While technology has advanced, and the car from today may have
more features, a more important factor affecting the increase in cost is that our money
today has much less value than money in the 60's. For the last hundred years, every year
we have faced inflation. Our money is constantly decreasing in value. As a result of
this, you must consider the effect of time on money.
On the flip side of inflation, it is also important to realize that you can invest your
money to gain interest every year. Your company would have no reason to go into
business if it wasn't able to make more money than the amount they could gain in
interest. They could simply give their money to an investment firm, sit back, and relax.
Companies go into business because they can (or try to) make more money than they
could by investing. This is important when solving economical problems. You don't
want to purchase a new machine unless it is going to make your company more money
than if they invested the same amount of money.
There are several mathematical formulas and tables used to calculate the time

value of money. If you know the interest rate, the time period you are investing for, and
amount you want to invest, you can calculate how much money you will have at the end.
This type of problem is one of the simplest which you might have to solve.
Mathematical Modeling

In order for an engineer to solve any type of engineering problem, mathematical
models are created. When you try to figure out the loading on a beam in a statics
problem, you create a mathematical model to work with. Since engineers do this type of
mathematical modeling on a daily basis, economic mathematical modeling should not
prove to be difficult.

One of the simplest types of mathematical modeling is called the "break even
analysis." We use this type of mathematical analysis to calculate how much production a
company must have in order to start making money. This type of analysis is best
described with an example problem.
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Example

It costs $25,000 to purchase and set up a machine to make hockeypucks. Each hockey
puck costs $.10 in material to make. Ifyou can sell each puckfor $3, how manypucks
wouldyou have to make in order to turn a profit?
First, let's identify the types of cost present:
Fixed Costs: The $25,000 machine purchase price is a fixed cost because it does
not change with the number of pucks you produce.
Variable Costs: The cost for materials is a variable cost because it changes with
the amount of pucks you want to produce. If you decided not to make any pucks
at all, you would not have to spend any money on materials. On the other hand,
the more pucks you want to make, the more you must spend on material.

Now let's find out how many pucks we have to make to make a profit.
Cost = Benefit
($25000)+ x($.10) = x($3)
x = 8621

In order to start making a profit, you have to make 8621 pucks. We call this the break
even point.
From this mathematical model, we were able to find the break-even point. What
this means is that if we produced more than 8621 pucks, we would start to make money.
If you didn't think you could make more than 8621 pucks, you would be better off
investing your money elsewhere because you will never make any money in the hockey
puck business. This is a typical example of the type of simple mathematical modeling
you might have to face when solving an economical decision for your company.
Other Types ofAnalysis

As mentioned earlier, the time value of money is very important. As a company,
you always want to make a profit, no matter what the value of money is at that particular
point in time. There are other methods to create mathematical models, which take into
consideration the time value of money. Two of the simpler examples are as follows:
Present Value Analysis:

Let's say you know how much money you will make as a result of
production for the next few years. Your production and selling price will likely be
fixed, and you want to choose between two production methods for which you
know the initial cost. What is important to realize is that even though your
income is fixed by the dollar amount, every year, that same amount of money will
be worth less and less because of inflation. In order to choose one method over

another, you can calculate what each year's income would be worth if you had it
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all at this exact point in time using interest formulas or tables. In the end, you
would want to choose the method, which would have the highest present worth.
Annual Benefit Analysis:

This method is the exact opposite of the method above. Instead of taking
the annual income from a machine or production method and bringing it back to
the cunent point in time, you can take the amount you have to spend at the cunent
point of time to start work and transfer it forward to see how much that cost
would be if you could pay it off piece by piece every year. Then you can subtract
that yearly cost from the predicted yearly income and compare how much profit
you would make every year. After finding the income for each year, you would
want to choose the alternative that gave you the highest annual profit.
There is one other point, which applies to both of these analysis periods. No
matter what your options are, you can always choose to just put your money in the hands
of your investing firm. We refer to this as the "do nothing alternative." Sometimes the
"do nothing alternative" is the best decision because of the time value of money.
Occasionally, you could simply make more money by investing elsewhere instead of
going into business.
Taxes

It has been said before that, ".. .there are two things in life which are unavoidable;
death and taxes." As an engineer, you have to deal with both of these. While you might
not be put in charge of calculating the tax return for your company (we have to keep the
accountants busy doing something!) you must realize that your economic decisions affect
the taxes for your company as a whole. Sometimes it might actually be cheaper to buy a
new machine than to keep the old one running, simply because the new one might have
depreciation which is a tax write off. While taxes are a huge part of the economics of a
company, they are highly complex, and as an engineer you must gain experience with
them and remember to be respectful of taxes and deductions when making decisions.
Summary

People face economic decisions all day, every day. Money does make our
economy tick. As an engineer, it is important to be respectful of the bottom line.
Sometimes the best engineering solution is simply not possible because there isn't
enough money to spend on it. On the contrary, your job as an engineer is often to keep
management from simply choosing the cheapest alternative and instead finding a balance.
Since engineers have so much experience with mathematical modeling, economical
mathematical modeling should not prove to be difficult. Using common interest formulas
or tables, you can calculate the time value of money. Tools also at your disposal are the
break-even analysis, the present worth analysis, and the annual benefit analysis. By
carefully using these tools, you can consider the time value of money and find the
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alternative, which has the lowest total cost and highest total profit, achieving your
ultimate goal.
What You Should Have Learned

1. Fixed, variable, sunk, and book costs are types of costs which you must be
familiar with in order to make wise economic decisions.

2. The value of money is always dependant upon time due to inflation.
3.

Mathematical models can be constructed to make wise economic decisions. Some

tools that you have include the break-even analysis, the present worth analysis,
and the annual benefit analysis.
4. There is always the option to 'do nothing' and invest your money elsewhere!
5. All economic decisions should find a balance between the highest total profit, the
total cost, and the overall fit of the solution to the problem.
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Engineering Statistics
Related Courses: Basic Mathematics, and Economics
Introduction

Engineering is not simply the design step in the process of a product. It includes
walking an idea from concept to the sales floor. We, as engineers, must have command
of statistical methods to test, analyze, research, and predict the life of the parts we design
and produce. We need engineering statistics to obtain information at all stages of the
product; during design, production, and even after the product is out with the public.
Engineering statistics is a junior/senior level course and requires prior knowledge in basic
mathematics.

Key Concepts
Normal Data

Mean, Median, Mode, and Standard Deviation
The Z and T Tests

Experimental Enor
Guesstimating the Equation for a Set of Data
Weibull Distribution

Factorial Design
Terms

Correlation and Regression - The process of determining how much two
variables are related to each other and at the same time how much they deviate;
Conelation and regression can be used to determine the equation for a set of data.
Factorial Design - An efficient way to test, where we change several variables at
the same time, instead ofjust changing one variable at a time.
Interaction - when one variable affects another

Mean - the mathematical average found by taking the sum of a data set and
dividing by the total number of data entries
Median - the middle value when the data is written in order from smallest to

largest
Mode - the value that repeats the most in a given set of data
Normal Distribution of Data - A set of data that will fit the shape of a bell curve
when plotted; the data usually falls towards the middle.
Population - a set of related data
Standard Deviation - How much a value varies from the average; generally, we
want a small standard deviation.
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Real Life Story

In college you decide to work part time as a professor's assistant. After your
professor gives the class a test, it is your job to figure out how well the class performed.
You know that the mean, median, mode and standard deviation will be the indicators
showing where the class stands. After some calculations, the numbers told a story of a
class doing relatively well. The average was at 75 percent, and the standard deviation
was 20 points. After you plot the data with a histogram, a bell curve emerges, which
indicates that the data is normal. Actually, it would have been fair to assume before the
papers were graded that in any given classroom, you may have as many A's as E's, as
many B's as D's, with the majority of students receiving a grade of C.
Normality ofData

To determine if a data set is normal, there are three tests. In the first test, we

check the mean, median, and mode against the target value. If the numbers are all within
a reasonable distance from each other, the data has "good central tendency." This means
that the data tends to stick close together; the mean, median and mode are all close. Next
we plot the data on a histogram, and it hopefully plots a bell shaped curve. (The
histogram should fit nicely under the normal curve shown above.) Lastly, we create a
probability plot by using a special scale on both the x and y-axis and check it for
straightness. If the data set passes all three tests, the data is said to be normal, and
traditional statistical methods can be used to analyze the data. If the data fails two or all
three of the tests, we classify it as non-normal and have to use more advanced statistical
methods.

Distribution ofNormal Data
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Standard Deviation

In statistical analysis we are not only concerned with the mean (the average) of a
data set, but also the variance of the data. Variance, or standard deviation, tells us how

likely a part will be near the designed measurement. High variance means the part is not
as likely to be near the designed measurement. On the other hand, low variance tells us
that the part is likely to be very close to the design numbers. (Obviously we want low
variance.) In order for us to calculate the actual standard deviation or variance, the data
set must be infinitely large. Sometimes, collecting that many data points is impractical
and almost impossible to do. Instead what we do is take a small, random data set and
calculate an estimate of standard deviation with the following equation:

a_ MIX)-Q>)2
V

n(n-\)

Where:

•

a -> is the standard deviation

•
•

n ->is the number of data points
}j •> means summation. We are summing all the data points we're concerned
with

•

X -> is the value we are looking at (length, force etc.)

Below we have a basic example of simple statistical analysis showing good central
tendency and an appropriate histogram/normal distribution:
Given

15 readings of piston diameters (listed in ascending order):
Piston
Diameter

11

12

13

13

14

14

14

15

15

15

15

16

16

17

17

(cm)
Required
Mean

Histogram

Median

Standard Deviation

Mode

Solution

Mean =

11 + 12 + 13 + 13 + 14+ 14+ 14+ 15 + 15 + 15 + 15 + 16+ 16+ 17 + 17

tA „

= 14.46

15

Median = 15 cm (the number in the middle when ordered from smallest to largest)
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Mode = 15 cm (we see this repeats the most)
To figure our standard deviation, we have to plug some data into the following
formula:

n(n -1)
•

Square all the diameters, then add them:

(£jX2) =ll2 +122 +132 +... +162 +172 +172 =3181
» Add all the diameters, then square their sum:

C^X)2 =(ll +12 +13 +... +16 +17 +17)2 =2172
•

Number of samples:

n=15

Plugging in we get:

15(3181)-(217f=±1726
V

15(15-1)

Answer

Mean =14.46 cm

Median = 15 cm
Mode = 15 cm

Standard deviation = ± 1.726 cm (Considering the fact that we're dealing with
pistons, this is a very high standard deviation, and therefore a bad product)

128

Introduction to Mechanical Engineering©

Histogram

11 to 12

i

13 to 14

\

15 to 16

17 to 18

Diameter

"Z" and "t" tests

Some of the common statistical tests engineers use include the "Z" and "t" test.
The "Z" and "t" testing allows for quick predictions of how likely an event is to happen.
Using the mean, number of data points in the set, and the standard deviation, we can
calculate a value for "Z" or "t" testing.
Z =

X,average

X-\i

M

t =

i/Vn
Using the "Z" or "t" calculated values, you can then look up a table value. This
table value is a direct percentage of the area under a normal curve, which allows you to
make a prediction. If the table value is given as 98%, your event is 98% likely to happen.
The "t" test values are slightly more advanced, but they serve the same basic function.
Estimating Error

During production of a part, the raw material undergoes many different processes.
Every process has some enor, and as the part moves from step to step, the enor piles up
one after another. Although it may seem that the enor should just be added, this is not
true. A part being made too large in step one may not necessarily affect step two, but it
could hurt how step number thirteen is done. As a result, we use three basic methods of

enor estimation depending on the application. If the equation for predicting the outcome
contains only multiplication and division, we use the product quotientformula. If the
equation is more complicated, we can use one of two different alternatives. First is the
finite difference equation, where we alter each number by one percent and the outcome is
an estimate. The second alternate is the general equation, where we differentiate each
factor, a process that we leam in Calculus. These two methods are a bit more advanced,
and you should only be concerned with the fact that they exist for now.
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Correlation and Regression

The equation of a data set has been mentioned several times in this chapter. We
use several tools to generate the equation for a data set, the most common of which we
refer to as Correlation and Regression. First of all, there is the graphical correlation
method. By plotting the data on regular graph paper, you can find a general indication of
what the formula may look like. Based on the shape of the curve, it may be desired to
plot the data on log-log or semi-log paper for more advanced functions. From here, if the
data makes a straight line, we can manipulate the slope and the y-intercept to give the
proper formula. Aside from the graphical method, there are other means. There are
specific equations that you can use to find out what type of set you are dealing with, and
what your equation will look like. More commonly, you would go to computer program
to have it do the work for you. For example, when using Microsoft Excel®, the curve fit
function provides you with an equation by using the conelation equations. You need not
understand the specific equations to realize what happens when you perform correlation
on a set of data.

Linear and Logarithmic Data Set

Logarithmic Data Set
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Predicting the Life ofa Part with the Weibull Distribution

Although we may not want to think so, the parts we design will ultimately fail.
As a result, engineers must be very careful as to when the part will fail, so that no one is
hurt as a result of a part wearing out. The studies of failure prediction ultimately lead us
to the Weibull distribution. Weibull analysis begins by assigning Weibull values to each
of the data points known as Median Ranks. We then use a special logarithmic scale on
the y-axis, and plot the assigned median ranks on the x-axis. Next, we check the data for
straightness. Certain points on the plot will give us information on the lifespan of a
typical part in that population. The slope of the plot also indicates the lifespan of the
part. The steeper the slope is, the shorter the lifespan of the part is.
Factorial Design

Engineering is a science, and research for engineering design ultimately involves
designing experiments. Using knowledge of statistics, we can perform a more efficient
means of experimenting using Factorial Design. You can do a traditional scientific
experiment by keeping all values constant, and changing one single variable at a time. If
we have multiple factors to analyze, it could take thousands of individual experimental
runs to obtain all the data. From there, it poses quite the challenge to truly assess what
trends really exist since there is such an overload of data. We do not want to waste
money in running thousands of experiments because the final data can be complex, and
the analysis could take years. Factorial design allows us to run conduct fewer test
because we can change multiple variables at simultaneously. The first step is to put the
data in a table, and define a max and min value for each parameter. A special test order
is then randomly generated using each variable's min and max value. The mean and
standard deviation for the data gathered is then calculated, and the effect of each
parameter can be determined. From here, you can see which factors have little or no
effect on the ultimate product, and you can then perform closer testing on specific factors
that cause problems. Furthermore, with factorial design we can assess interactions
between factors. Interaction happens because a variable itself may not seem to be
significant; however, its effect on another factor might be. Factorial design is a very
powerful tool because it allows you to manipulate several variables at a time and can
simplify your results.
Summary

The simple and straightforward methods of statistical analysis first begin with the
assumption of normality. Statistical analysis is a powerful tool for engineers to have at
their command. Many companies have entire departments that analyze statistical data.
In the automotive industry (and other industries, for that matter), you may have heard of
the "Six-Sigma" department; the role of the department is to analyze testing done in order
to determine if a part will last as long as it should, or predetermine appropriate settings
for machines to prolong wear. In addition, in the utility industry, the statistics department
spends their time assessing the likelihood of a power failure or catastrophic event. While
most who work in these departments have further training in statistics, an engineer must
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still interact with them. After all, they determine if your design is likely to fail. In
addition, all engineers must know how to analyze data from their experiments and
recognize problems in their methods of testing.
What You Should Have Learned

1. Normal data has excellent central tendency and resembles a bell shape when
plotted.
2. You should know how to calculate and interpret the mean, median, mode, and
standard deviation for a set of data.

3. Z and t testing allows for quick predictions of how likely an event is to happen.
4. Total experimental enor is not a simple addition of the enor caused by each step,
but is found using one of three methods.
5. Be familiar with the methods used to guesstimate the equation for a set of data.
6. The Weibull distribution is used to predict the life span of a part.
7. Factorial design allows you to change several variables at the same time when
experimenting.
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Advanced Elective Courses
Introduction

As an undergraduate engineering student there will be a large number of classes
that you could come across. At most universities, the lower level core courses are set for
all Mechanical Engineers. These include the basics: Math, Physics, Chemistry,
Thermodynamics, Dynamics, Statics and many more. However, many curricula allow
for "engineering electives" for junior and senior level students that let you choose from a
number of different courses to fulfill your requirements. This allows you to specialize
towards a particular industry. Say you wanted to work for the auto industry: in that case,
you could take courses such as Engine Design, or Vehicle Dynamics. At the same time,
if you think you would enjoy working at a pubic utility such as a nuclear power plant,
then you would consider enrolling in Design of Thermal Systems, or a related course.
You should also know that many institutions allow for undergraduate students to enroll in
graduate level courses, further increasing your options. Below, we have outlined a few of
the courses you may encounter.
Machine Design

Machine Design is a course intended to stir up the student's imagination. As the
title suggests, this is a design course. While you learn some new methods of analysis,
the course's main focus is on implementing knowledge learned in previous courses
(Physics, Dynamics, Mechanism Analysis etc.) to produce a working design. Usually,
the class is divided into teams, which create competing designs. Each problem is
intentionally vague in order to allow the students to come up with their own solutions,
rather than implementing the ideas of the instructor. A typical project in machine design
may include designing and building toy vehicles that accomplish some unique task. The
team is responsible for walking their design from concept to competition. The project
also involves creating a professional engineering report and an oral presentation. As you
can imagine this process is not too far off from what you might face within the
workplace. If you are in an engineering team designing a new pump, you will go through
the same motions: brainstorm with the team, generate alternative designs, perform
calculations, use simulation software (Finite Element Analysis or Computational Fluid
Dynamics), attend regularly scheduled meetings to discuss progress, and finally generate
a technical report for your superiors to read. You may even be asked to give an oral
presentation to a large group of engineers. The main idea of such design courses is to
teach you a methodology of approaching a problem, and how to utilize all of the
resources available to you (teammates, professors, various software) in order to solve a
design problem.
Design of Thermal Systems

Design of Thermal Systems is a course that ties your foundational knowledge of
thermodynamics, fluid mechanics and heat transfer together to model real world systems.
Thermal systems are quite common in every day life. Every house and building has
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water pipes and heaters for our comfort. In such a course, you will leam how to choose
the proper pipe size in order to make sure water flows properly, for example. Moreover,
you might be interested in how to design an effective radiator (heat exchanger) for your
automobile cooling system. In this course, you will leam how to effectively analyze a
heat exchanger and which parameters you should manipulate. In addition to these simple
systems, design of thermal systems will teach you the skills of how to design larger
systems that incorporate many components. Each component has its own unique
requirements, and naturally you cannot meet every component's specification exactly. In
design of thermal systems you will leam about which factors are most significant, and
how to make the required compromises to generate an effective system.
Noise, Vibration, and Harshness

Mechanical Engineers are often concerned with improving systems. Many times
what we mean by improving a system is reducing the noise, vibration, or harshness.
Let's take a car seat for example; to be a quality product, your seat cannot rattle as you go
over bumps in the road. You cannot start to fix the problem until you first identify the
cause. The principles of noise, vibration, and harshness will help you accomplish this.
You will leam about the natural frequency of an object and how to identify the range
where an object tends to vibrate when we hit it. Moreover, you will leam what physical
properties affect the noise, vibration, and harshness. Not only will you then be able to
identify the cause of your problems, but you will be able to design your system from the
ground up to avoid noise, vibration, and harshness issues from the start.
Engine Design

For engineering students who have curiosity of improving an engine's
performance, Engine Design is just the class. Engine Design builds on the knowledge
gained in thermodynamics, dynamics, mechanics analysis, and internal combustion
engines. The course teaches how to manipulate the performance of the engine from the
design stage. This is more complicated than what a technician at the local engine
performance shop does. He or she may be able to tell you what part to buy and how
much power you may gain; however, understanding the true thermodynamic reason for
the part's effectiveness may be entirely beyond him or her. Engine design courses teach
you not only which factors affect performance, but why. You will leam how to properly
manipulate the compression ratio of an engine, why and how to change the fuel burned,
why we change the geometry of the piston, and for what reasons we change valve timing.
Engine design courses will not only polish your skills on how to analyze a pre-existing
engine, but they will teach you how to control your design factors from the very
beginning to produce a desired result.
Vehicle Dynamics

Vehicle Dynamics in an advanced course for the student who wishes to apply his
or her knowledge in the automotive field. The course considers the performance of the
vehicle, as well as ride, handling, chassis and suspension among other topics. It is
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important for an Engineer to know how to manipulate components within the vehicle in
order to achieve a desired design. For instance, Formula-One cars have different vehicle
dynamics than your grandpa's Ford Crown Victoria. The Formula-One car is designed
for high-speed performance, and very responsive handling. The suspension of the vehicle
is very stiff to aid in the handling, giving the car a very harsh ride. On the other hand, a
family sedan such as the Crown Victoria tries to find a happy medium between a
comfortable ride, and reasonable handling or performance. You won't be able to take a
comer at 90 miles per hour, but you also will not feel every imperfection on the road.
Many parameters can be manipulated to change the dynamics of the vehicle:
manipulating the tire alignment (camber, caster, toe), altering the suspension (over
damped, under damped or critically damped), adjusting the stiffness of the chassis, and
controlling the weight distribution just to name a few. Vehicle dynamic courses teach
you what physical parameters impact the performance and ride of a vehicle and how to
manipulate them from the initial design phase.
The Differences Between Upper Level Electives and Standard Curricula Courses

When comparing upper level electives versus the core curricula courses there are
several differences we must point out. Upper level electives are courses in which you
apply the skills already learned in earlier core courses in order to solve a problem.
Instead of having many small projects or homework assignments, you may be faced with
fewer, but more complex projects. This also gives you a wide range of freedom, allowing
you to use your imagination and engineering knowledge to solve a problem.
In an upper level elective, you may also have the chance to specialize in a project
by conducting specific research in a laboratory. The class size is typically smaller, giving
you a better interaction with the professor. You also begin to bridge the gap between
your education and real world engineering problems. In such courses, you are exposed to
industry standard guidelines for design. As an engineer you are expected to follow
engineering guidelines such as the American Society of Heating, Refrigeration, and Airconditioning Engineers (ASHRAE) when working on thermal systems, and the National
Highway Traffic Safety Administration (NHSTA) when designing automobile safety
systems. Moreover some of your learning is accomplished by examining case studies.
At times such case studies may be assigned as your projects, where you and your team
are encouraged to solve a problem just as the engineers in the real world. By now you
should realize that engineering problems usually have more than one solution, and it is
the intent of upper level elective course to train you into recognizing the best solution and
methodology for the problem within your given constraints.
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Problem Solving and Strategies
As an engineering student, you will quickly leam that there are many different
ways to solve the same problem. Your goal is to find the easiest route that makes the
most sense to you. You should be ready to do homework, as it is not unusual to have an
assignment due almost every class period. For longer homework assignments, you will
have more time to do your work.
What is the general procedurefor homework in college?
Depending on the professor, you will either know all your assignments at the
beginning of the semester (written out in the syllabus), or they will tell you every class
period. The homework usually is directly related to your class lecture. Your best bet is
to read the chapter before you go to lecture; if you do, the material will make much more
sense. When attempting to do your homework, we suggest you take the following steps:

1. Look over your class notes and textbook (again), understand the concept at
hand, and then attempt the homework.
2. If you can't figure it out on your own, then you should consult with your
"homework group." You should get into the habit of having several
friends you can work with, for homework and test studying. This is also
encouraged, because in the real world you will have to know how to work
with a team around you.
3. If you and your "homework group" cannot come up with answers that
make sense, then it is time to see the professor or the teaching assistant
(TA.) In college, all professors are required to have "office hours." This
is a time (usually a few times a week) when anyone from the class can go
to the professor's office and ask for help. Don't expect the professor to
solve the entire problem for you, but they will give you a great deal of
help. Larger classes will have teaching assistants, and they can help you
in a similar fashion.

While you are doing your homework, you have to remember one very important
point; the big picture in engineering homework is that it teaches you main concepts,
ideas, and the way you should approach the problem, rather than specific problems.
Chances are that you will never see a problem in the real world in the same exact way
that it was given to you in class. But, if you know the procedure and the concepts behind
solving one set of problems, it will be much easier to solve whatever problem will face
you as an engineer.
Moreover, it is a good idea to start organizing your homework in the fashion
illustrated below for a couple of reasons. First, most professors demand that you follow

this same exact format. (Others may not.) Secondly, this format is a very good way to
organize your information. (For more examples refer to the Heat Transfer, and
Engineering Statistic chapters.)
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Given

After reading the problem you are trying to solve, you will automatically know
some information about the situation with which you are dealing. We call these the
givens. For example, a given could be a velocity (v), acceleration (a), length (1), time (t),
the geometry of a part, the material property of the part, efficiencies, forces applied etc.,
etc. You should also always put your units next to your numbers. Every problem will
have different "givens," and it is up to you to state the relevant givens and the
assumptions you are making. For example, if you are dealing with a heat transfer
m

problem where the gravity is of no relevance, then it is pointless to state g = 9.81 —.
s

Moreover, sometimes the givens are not as obvious as you think they are. At times, you
will be given enough information and assumptions to pull some data from tables, charts,
or figures from the book. Lastly, if there are any helpful pictures, schematics, or
diagrams that are pertinent to the problem, they should be included in this section as well.
Required

After reading the problem, you have to understand what is it that they want you to
figure out. This could be a force, time, temperature or a thousand other things. One
thing to particularly pay attention to is understanding in what units your answer should
be. You should also keep in mind what the appropriate number of significant figures
should be for your problem.
Solution

The solution part of your homework is where you do all the calculations. The
very first thing you should do is draw a free body diagram, or a schematic depending on
the problem at hand. Then, you fill in the free body diagram with the givens and
assumptions you have written above. The reason for this is to make it easier to see what
is happening to your system before you start plugging in equations. Regarding the
equations, you should always (unless the derivation is very very long) start from the
general energy or other equations. Having said that, you probably know that every
textbook will give you equations for specific cases. But since you are majoring in
engineering and not in equation management, you don't want to set up yourself for
failure by limiting your solving ability to those specific cases. What if the professor
gives you the same problem on the test, but now he made an assumption that makes your
specific equation useless? For this reason, you want to be able to solve a problem for all
cases. This is also where your knowledge in algebra and calculus will be tested again and
again. You simply cannot derive and manipulate equations if you don't know algebra
and calculus. However, with some practice, this will become like second nature to you.
As you are solving the problem, there is one question that you always have to ask
yourself: "Do my numbers make sense?" If you are solving a car engine's problem, and
your final power comes out to be 10,000 horsepower, there should be a flag going off in
your brain somewhere telling you something is not right. On the other hand, if you're
solving for the house temperature in a heat transfer problem, you know that your
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temperature should reasonably be between 30 to 120 degrees Fahrenheit, but not 10,000
F (unless you're on some strange planet).
One of the most common mistakes students will make will be related to units and

their conversions. Units get tricky sometimes, especially in the English system.
However, if all units are written out, then you know you are getting a more reasonable
answer if you get them to cancel out. Notice how we go from 60 miles per hour to 88
feet per second by converting and canceling:
hour

sec

miles t \hour ^5280// _

ft

hour

sec

3600 sec

\mile

Answer

After you do all the work in the body of your paper (the "solution" section), you
should display the answer in this last section. Make sure that all the units are there, and
that you have answered everything that you set forth to solve from the "required" section.
You should also make sure that your significant figures are correct. Many times a student
will give too many or too few significant figures. Sometimes, the problem will
specifically mention the number of significant figures to be used. (For example: calculate
the temperature to the nearest degree.) Other times, your significant figures are dictated
by your given and measured variables. As a rule of thumb, when adding or subtracting,
your answer should have no more decimal places than the least accurate variable. For
example if x=120.61 and y=10.5536, then your answer should have only two decimal
places. On the other hand, when multiplying or dividing, your answer should have as
many significant figures as the variable with the least significant figures. Using the
numbers from above, your answer should not have more than 5 significant figures.
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Engineering Projects
Everyone has heard the honor stories about projects in college or seen a
Hollywood parody of it; students buzzed on coffee awake for days trying to frantically
finish a project that has taken all semester. While some students do approach their work
this way, there are much better methods. Engineering students will face a variety of
projects through their time at school. You might be asked to do something as
straightforward as completing a simple laboratory experiment, or something more
complex involving the design and building a working prototype pump. What is certain is
that, as an engineering student, you will face challenging projects before graduation.
Time Management

One of the most pressing issues in college is time. Whether your project is done
or not, the due date will remain the same. Being able to turn something in late is an
opportunity that occurs few and far between, especially in engineering. The best way to
manage your time is to start your work early. While you may have been told this a
million times before, it is important to realize that it is much more important in college
than ever before. In college, your projects are often worth much more than you may be
used to. Sometimes your project might be nearly half of your grade! At any rate, in
order to succeed with your project, time is of the essence.
Picking Your Team

The first decision you will have to make for a project is whom you will work
with. Your natural instinct may be to choose friends as project partners. While this
works for some, it can also prove to be disastrous (hurting both your project and your
friendship). What is more important is to choose people with whom you have a similar
schedule. In college, you will be able to choose your schedule with much more freedom
than ever before. All of your peers will be able to do the same. What this can lead to is
large diversity between available times. Consider this situation: your best friend in your
class may seem like a good choice, but all of his classes are at night, so the only time he
would be able to work with you is early in the morning when you don't want to. Say you
pick the smartest kid in the class, which has always proved to work before. However, he
goes home every weekend to work, which will mean you can only work on your project
during the week when you're already busy. In addition, you might not want to work with
a non-traditional student (the older man or woman who is retuning to get his or her
degree), but they might have the same availability that you do. As you can see, it is
important for you to establish your team based on availability so that you can meet with
your team regularly and consistently in order to complete your work.
Project Approach/Plan

What is unique about engineering projects is that there is no exact way to
complete them. Your solution might be completely different than another team's, but
you both may be conect. This is what makes projects much more challenging than
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homework. The method for finding your solution is not pre-defined for you by any
means. Usually, the requirements are left intentionally vague. As a result of this, you
typically have to work with your professor or customer to determine exactly what they
require. Unclear requirements can make a project additionally complicated. In order to
successfully walk a project from assignment to completion, you first need to formulate a
plan. There are several universal steps, which should be included within your project
plan.
•

Solution Requirements

Engineering problems can be very confusing, especially when you
know little about them. What's more is that your grade entirely depends
on the opinion of how your professor thinks you've handled the project.
This could lead you to take a project in one direction while your professor
expected you to go in another. When you first start working on the
project, make sure that you and your professor see the same set of
requirements. This can be done through question and answer sessions in
class, at office hours, or through e-mail. Whatever the method, make sure
that your professor sees that you are making a strong effort to meet his or
her requirements.
There are two extremes you may see when defining the solution
requirements. The first is that your project might seem simple, and you
might think you know exactly what you should do. What can happen here
is that you might overlook a requirement because you are so sure of what
is going on. In the end, you might find it quite embarrassing that your
oversimplification of the problem cost you a good grade because you
missed a simple requirement. The other extreme is that you might get a
problem that has so many requirements that the project becomes overly
confusing. A good strategy here is to determine which requirements are
most important, and which requirements should be addressed first. This
will help you to formulate a step-by-step plan.
•

Brainstorming

As we previously mentioned, engineering problems can have a
variety of solutions. With a variety of members in your group, it is
inherent that everyone will have their own unique approach. While no
individual's solution might be able to solve the entire problem, the
combination of several of your group's ideas might be the best method.
In order to effectively brainstorm, you must not be critical no
matter how ridiculous the idea. As soon as someone's feelings are hurt by
another's criticism, the group will be afraid to bring creative ideas to the
table for fear of being embanassed.
Make sure you write all of you ideas out. While it may seem like a
quick sketch doesn't get you anywhere, a simple diagram may nurture
other ideas from the team. In addition, if you have all of your ideas on
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paper, you can easily return to them at a later date if your team finds your
first solution a dead end.
Division of Labor

No matter what solution you have come up with, an engineering
project can involve a great deal of work. There are two general
approaches to division of labor. You can either work simultaneously on
the same solution to compare your results for verification, or you could
separate tasks for each member to complete. The method of simultaneous
solutions is less efficient, but it provides each team member with the same
experience and also increases accuracy since the same solution is
generated twice. The method of task division is much more efficient, but
then each member of the group becomes skilled in only their individual
tasks, and there is a greater risk of inaccuracy. The conect method
depends on the team, the project, and the timeline. Furthermore, both
methods can and should be used simultaneously depending on the
individual tasks.
Problem Solution

Each project has its own method for solution. What is important
when generating your solution is to utilize all available resources. First of
all, this means that you should incorporate technology at every point to
supplement your hand calculations. If your project involves stress
modeling, Finite Element Analysis software should be used. If your
project involves a trial and error solution, MathCAD or C++ programs can
be useful. Whatever the problem, there is software which can provide
clear-cut solutions that can be verified through hand calculations. Second
of all, you should capitalize on your teammate's skill sets. If one member
is especially talented with a particular method of analysis, or with
particular software, let them head that portion of the project while you
leam from them. Even though this is efficient, it is important to not
simply let them complete the project without learning from them. Finally,
ensure that you verify your solutions with multiple methods whenever
possible.
This process is highly similar for students as well as professionals.
What changes in the professional world aside from the timeline and
budget is that you may take a back seat in the areas where you are not an
expert; however, you are still responsible for learning from the experts.
For example, let's say that you are working on the headlight for a new
sports car. You might be an expert on durability, but you might not be
able to solve the bulb-cracking problem alone. Although the bulb expert
at your company may be responsible for generating the solution, you are
still responsible for understanding the solution.
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•

Project Presentations/Reports
Presenting your project appropriately is almost as important as the
solution itself. If you do not appropriately communicate your solution, it
becomes meaningless. Moreover, in school, much of your grade is based
on communicating your thought process through a problem. Your work
should be clear, concise, and easy to understand to receive a quality grade.
There is one factor that can make or break a presentation: fit to audience.
Knowing your audience and what information they expect allows you to
approach your presentation or report properly. In a presentation for a
professor, you should certainly include every piece of information from
your schematics to your computer simulation. In a presentation for an
executive or your boss, you would only include your conclusions and
recommendations. If you provided the same style report to your boss as
you would a professor, your conclusions and recommendations would
likely be lost amidst the large amount of additional information. On the
other hand, if you provide the same report to your professor as you would
to your boss, your professor wouldn't understand where your solutions
came from, and you would receive a low grade. Fit to audience is critical.

Summary

Projects are inevitable in the engineering world. Furthermore, engineering
projects can often be cumbersome and confusing. Your team is important because they
can make or break your project. It is important that you choose people you can work well
with and who have a similar time schedule. Engineering projects are more challenging
than homework because they are typically open-ended without a single solution. When
approaching your project, it is important that you establish a plan of attack to satisfy your
professor or customer's needs. You must first clearly establish your project
requirements. Next, you should brainstorm with your team openly to generate a variety
of solutions. Once you pick an appropriate solution method, technology should be
incorporated at every point to verify and clarify your findings. You should also
remember to divide your project between groups to increase both efficiency and
accuracy. Finally, when presenting your findings, it is important that you remember to
match your intended audience. Creating a clear and concise report or presentation is
equally as important to the accuracy of your findings. Management of a large problem
can seem intimidating, especially when a large engineering project is ahead of you.
Careful planning, however, will allow you to divide and conquer your project step by
step.
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